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BASIN DESCRIPTION 

Between the crests of the Cascade and Coast Ranges in northwestern Oregon lies 
an area of 12,045 square miles drained by Willamette and Sandy Rivers--the Willamette 
Basin . Bo th Willame tte and Sandy Rivers are part of the Columbia River system, each 
lying south of lower Columbia River. 

With a 1965 population of 1.34 million, the basin accounted for 68 percent of 
the population of the St ate of Oregon. The State's largest cities, Portland, Salem, 
and Eugene, are within the basin boundaries. Forty-one percent of Oregon's popula-
tion is concentrated in the lower basin subarea, which includes the Portland metro-
politan area . 

The basin is roughly rectangular, with a north-south dimension of about 150 miles 
and an average width of 75 miles . It is bounded on the east by the Cascade Range, on 
the south by the Calapooya Mountains, and on the west by the Coast Range. Columbia 
River, from Bonneville Dam to St. Helens, forms a northern boundary. Elevations range 
from less than 10 feet (mean sea level) along the Columbia, to 450 feet on the valley 
floor at Eugene, and over 10,000 feet in the Cascade Range. The Coast Range attains 
elevations of slightly over 4,000 feet. 

The Willame tte Valley floor, about 30 miles wide, is approximately 3,500 square 
miles in extent and lies below an elevation of 500 feet . It is nearly level in many 
places, gently rolling in others, and broken by several groups of hills and scattered 
buttes . 

Willamette River forms at the confluence of its Coast and Middle Forks near 
Springfield . It has a total length of approximately 187 miles, and in its upper 133 
miles flows northward in a braided, meandering channel. Through most of the remaining 
54 miles, it flows between higher and more well defined banks unhindered by falls or 
rapids, except for Willamette Falls at Oregon City . The stretch below the falls is 
subject to ocean tidal effects which are transmitted through Columbia River. 

Most of the major tributaries of Willamette River rise in the Cascade Range at 
elevations of 6,000 feet or higher and enter the main stream from the east. Coast 
Fork Willamette River rises in the Calapooya Mountains, and numerous smaller tribu-
taries rising in the Coast Range enter the main stream from the west. 

In this study, the basin is divided into three major sections, referred to as 
the Upper, Middle, and Lower Subareas (see map opposite). The Upper Subarea is 
bounded on the south by the Calapooya Mountains and on the north by the divide between 
the McKenzie River drainage and the Calapooia and Santiam drainages east of the valley 
floor and by the Long Tom-Marys River divide west of it. The Middle Subarea includes 
all lands which drain into Willamette River between the mouth of Long Tom River and 
Fish Eddy, a point three miles below the mouth of Molal la River. The Lower Subarea 
includes all lands which drain either into Willamette River from Fish Eddy to its 
mouth or directly into Columbia River between Bonneville and St. Helens; Sandy River 
is the only major basin stream which does not drain directly into the Willamette. 

For detailed study, the three subareas are further divided into 11 subbasins 
as shown on the map. 
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INTRODUCTION 

PURPOSE AN D S C O P E 

The purpose of this appendi x is t o ap prais e the existing level of 
water quality and to present r ecommendations for restoring and main-
taining water qua lity at a level which will pe rmit benef icial us e of 
the water resource of the Willame tte Basin . This study includes : 
(a) identifica tion of those land-use and water-manageme nt prac tices 
which adversely affect wate r quality, and r eme dial measures to reduc e 
or control such effects; (b) determination of requirements for treat-
me nt or control of pollutants e manating from the diverse sourc es ; a nd 
(c) de termination of ne e ds for regulating s treamflow, particular ly for 
augmenting low flows to safeguard and enhance water qua l i t y . Fac t o r s 
conside red in these determinations include organic wast e , hea t, bac-
teria, toxic materials, sediment, or dissolved so lid s carried t o the 
rivers by storm drains, sanitary sewers , a nd surface runo ff . Bot h 
direct and secondary effects of pollution are not e d. An example of a 
secondary effect is dissolved solids o r mine r a l s l eache d f r om the soi l 
and carried to a watercourse whe re the y may act a s nutri e nt s fo r pro -
fuse biological growths in the stre am. 

This appendix presents alter native solutions whi ch wo uld provid e 
water quality suitable for s pe cific uses. The c omb inatio ns pre se nt e d 
to meet a given quality goal for the year 1980 a r e r e l a t ive l y specific 
and require immediate imple menta tion if thi s goa l is to b e ac hi e v ed. 
The combinations of flow and wast e loads present e d for the yea r s 2000 
and 2020 are progressively l ess s p e cific but a r e a de qua t e f o r l o ng -
range planning. 
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R E L A T I O N S H I P 
P A R T S O F T H E 

T O O T H E R 
R E P O R T 

Data from othe r appendices are necessary to describe adequately 
the quality of wa t e r, the extent of pollution , and the factors of 
pollution . Da t a f r om Appendix C--Economic Base --describ e the pre sen t 
and proj e ct e d l e ve l s of population and industry which, in turn , are 
relate d t o was t e production and wat e r qua lity requirements. The hydro-
logic cha r ac t e r is t ic s are de rive d from Appendix B--Hydrology. The 
water qualit y r e quireme nt s f or speci fic u s es --principa lly municipal 
and industria l wa t e r, f ish a n d wi ldl ife , land me asure s, irrigation, 
and r e crea tio n -- a r e pre di ca t e d o n da t a i n the a ppro priat e f unctiona l 
appe ndi c e s. 
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H I S T O R Y 

Stream pollution and efforts to reduce it in order to protect 
public health were evident in localized areas in the Willamette Basin 
eve n before the turn of the century. The first basinwide evaluation of 
pollution and its control was made in 1926 by the Oregon State Board of 
Health. Other surveys in the late 1920's--by the Portland City Health 
Bureau, the U.S. Public Health Service, and the Engineering Experiment 
Station at Oregon State College--gave undisputed evidence that the 
Willamette River had become so polluted with municipal and industrial 
wastes that these waters were a menace to health, destructive of fish 
life, and unfit for certain other beneficial uses. 

STATE AND LOCAL PARTICIPATION 

Water pollution control by regulating waste discharges is of 
recent origin. The efforts of a Governor's committee in the 1930's 
eventually led to Oregon's first comprehensive pollution control law, 
app rove d by a three-to-one majority when presented to the voters in 
1938. That initiative measure created the Oregon State Sanitary 
Authority (OSSA) and provided the basis of Oregon's present state-
wide pollution control program. 

Photo I-1. Degraded water from upstream combines with local waste 
outf alls to create recurring problems of po llution in 
Portland Harbor . (Corps of Engineers , Portland, Oregon, 
Photo) 
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All o f the ba sin communities and ind ustries we r e r equired by the 
Sanita ry Autho r ity in 1939 to participa t e in a progr am of pollution 
a ba t eme nt. This orde r calle d for con s truction and ope rati on of pri-
ma r y treatment f a cilities . Manbrin Garde ns (a Salem suburb) was the 
fir s t to comply , in 1947. In the 10 s ucc ee ding yea r s , 23 ot her in-
du s tri es and communities subj ect to the orde r a lso complied.

In 195 8 , the Sa nita r y Authorit y co nc lude d tha t a dditi ona l treat-
me nt was nee de d a nd c a lle d upon the cit ies o f Euge ne , Sa l em , a nd 
Newbe r g t o in s t a ll se co nda ry trea tment fa cilities . In add i t ion, the 
Cit y of Po rtla nd was ins truct e d t o acce l e ra t e it s pr og r am of in t e r-
cep ti on , a nd fiv e pul p a nd pa per mill s we r e o rde r e d to f u rth e r r e duce 
t he ir po llutiona l l oa ds . In Se pt embe r 1960 , the o rde r for seco nda r y 
trea t me nt was expa nd ed t o i nc lud e a ll remain in g communities be l ow 
Sa l em . 

The pr og r am r es ult ed in imp r oved wate r qua lit y , bu t poor qua l ity 
dur i ng pe r iods of ext r eme l ow flow pe r sisted a t speci f ic po ints, such 
as Po r tland Ha r bor . As a r es u lt , t he Sani t a r y Aut hor i t y staff co n-
duc t ed a su r vey of wa t er quali t y in th e Willam e t t e Basin i n the ea rl y 
l 960 ' s , a nd i ss ued a r e port of f indi ngs i n May 1964. The p r inc ipa l 
conc lusion of th is r epo rt was tha t, al tho ugh conside rab l e p r ogress had 
bee n made i n tl1e p r evi o us 25 yea r s, Sani t a r y Aut ho r i t y standa r ds sti ll 
had no t bee n me t. The r epo rt de t a il ed spec i f i c sources of po llu tion 
a nd s l1owe d wha t meas ur es wo u ld be r e quir e d t o bring the Willame tt e 
Rive r sys t em up t o s t a nd a rd . As a r es ult of th is r e po rt , the Sa ni t ary 
Authority i n 1964 a dop t e d the fol l owin g po li cies : 

1. All in dus tr ia l was t es f r om eac h pu l p and paper 
mill in the bas in mus t r ece ive yea r - r oun d prima r y sedimen -
t a ti on or e qui va l e nt trea t me nt for remova l of set tleab l e 
so lid s . 

2 . Eac h su l f it e pul p a nd paper mi l l , i n a ddit ion to 
yea r-round se ttl ea ble so lid s r emova l , must, du r in g th e 
pe ri od o f critica l s treamf l ow (June t o Oct obe r, inclusive ), 
e ff ec t a n 85 pe r ce nt r e duc ti on i n the bi oc hemical oxygen 
dema nd ( BOD) of t he effl ue nt s f r om the ent ir e mi l l . 

3 . All o the r se wage a nd waste effluents mus t r ece i ve 
s e c ond a r y trea t me nt e qua l t o 85 pe r ce nt r emova l o f BO D an d 
s us pe nd e d so lid s . 

4 . Hi ghe r de g r ees of trea t me n t may be r e qui r ed i n some 
cases , de pe nding up on the s i ze a nd na ture of th e wa s t e l oa d 
and o f the r ece iving s tream. 

5 . The dea dl i ne fo r mee ting these r e quireme nts was 
es t a bli s he d as Decembe r 1966 . 
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The Federal Water Pollution Control Ac t, as amen de d by the Wa t e r 
Qua lity Act of 1965, provided f o r the e st abli shment, by each s t a t e , o f 
water quality standards for inte rstate wa t e rs. The State of Or e gon wa s 
one of the first state s to complete i ts s t a nd a rd s a nd to h a ve t hem ap-
proved by the Secretary of the Interior. These standa rds, a pproved 
June 18, 1967, covered the Willamette Rive r from the mouth t o Wi lla met t e 
Falls. At the same time the state issue d intrastate sta nd a rds whi ch 
covered the remainder of the Willame tte Basin. Thes e standa rds are 
described in Part III. 

FEDERAL PARTICIPATION 

Congressional enactment of PL 80-845, the Federal Water Pollution 
Control Act of June 1948, made compre hensive planning for wa t e r pollu-
tion control a matter of Federal concern. This law required the Public 
Health Service to prepare programs to begin reducing or e liminating 
pollution of interstate waters and their tributaries, and to improve 
the sanitary conditions of surface and ground waters. The prog rams 
were prepared with due regard given to conservation of the Nation's 
waters for public water supplies, propagation of fish and aquatic 
life, recreational purposes, agriculture, and other legitimate uses. 

A c ooperative report by the U. S. Public Health Service and the 
Oregon State Sanitary Authority, in 1951, pointe d out the importance 
of the water resource and the deplorable state of some waters of the 
Willamette Basin, listing 42 cities and 29 industries with de f icien-
cies in their waste treatment faciliti e s. The recommendations included 
establishment of water quality objectives, coordination of water re-
source development projects to maximize the effe c ts of streamflow regu-
lation, and adherence to erosion-control measures in public water supply 
watersheds. 

The Federal Water Pollution Control Act of 1956 (PL 84-660) added 
the c onstruction grants prog ram to the role of the Federal Government 
in wate r pollution control. By the e nd of 1961, more than $2¼ million 
had been given in Federal grants for pollution control facilities in 
the Willamette Basin ; total cost of these facilities was $10 million. 

Publi c Law 84-660 and its 1961 amendments provided for comprehen-
sive programs for wate r pollution control, including review of proposed 
Federal storage projects for water quality control features and bene-
fits. Res e arch, investigations, training, and information services 
were made available to qualified organizations involved in water pollu-
tion control. Provisions were also made to encourage cooperation among 
s tates and other agencies, to provide water pollution control grants, 
and to enter into enforcement measures against pollution of interstate 
or navigable waters. 
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Many other Fede ral actions during the past 70 years have been 
t a ken to control toxic materials, sediment, and ground - water contami-
na tion. The 1897 Organic Act created national forests and provided for 
pro t ec tion of watersheds. Other legislation has added restrictive meas-
ures to offer protection from toxic chemicals, oil, dry refuse, and 
other pollutant s . 

An example of the use of water managemen t for qualit y control 
occurred during August of 1965. The dissolve d o xyge n level in Portland 
Ha rbor dropped t o a critically low level even with a high l ev e l of 
waste reduction. A mee ting among the concerned agencies was set up by 
the Federal Water Pollution Control Administration officials, and emer-
gency control measures for the immediate situation were defined. These 
measures included the early release of water stored for other purpose s 
to a ugment the flow as a temporary measure. Industries - -particularly 
the pulp and paper mills--and municipalities were notified that the 
amount of discharged wast e must be held to a minimum and, in the case 
of industries, that continuation of poor quality mi ght result in a 
shutdown order. As a result, water quality conditions were measurably 
improved through the critical period. 
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PRESENT STATUS 

Average water quality in the Willamette Basin is, with the e xc e p-
tion of bact e rial pollution , a t a ge ne ra l l y acceptabl e l e vel. Howev e r, 
wa ter quali t y conditions in ma n y s treams become a seri ou s proble m dur -
ing the s umme r months when l ow s treamf l ows occur. The most severe con-
ditions are a pparent in the Port l a nd Harb or r eac h of the Willame tt e 
River and i n the Tualatin River. 

Each yea r during pe riod s of l ow rive r flow, the Portland Harb o r 
r each unde r goes perio ds of oxyge n depr e s s ion, slime growths, a nd bac-
t e ria l contamination, ca used by di sc ha r ges of inadequat e l y trea t e d 
was t es b y industrie s a nd municipa lit ies . Water uses impa ired include 
municipal suppl y , recrea tion, and fish migration. As an exampl e , Lake 
Oswego voters r e cently c hose the C l ackamas Rive r as a ne w source of 
supply, fore going the l e ss exp e nsive , but poore r qualit y , Willamett e 
River source . Present conditions in the harbor are improved ov e r 
those found during the first major wa ter q uality s u rvey in 1929, bu t 
s ubs eq u e nt cons tructio n of abatement facilities and r egula tion of flow 
fo r qua lity control have been offset, to a large extent, by increas e d 
population and i ndustria l activ i ty. 

Photo II- 1. The problem of pollution in Portland Harbor extends 
downstream through the Rivergate industrial area to 
the mouth of the Willamette River . 
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The Tualatin River receives more waste during periods of low flow 
than can be assimilated by its meager streamflow. Population growth 
and flow diversions in the Tualatin Subbasin have resulted in poor 
water quality conditions in spite of a high degree of treatment of 
waste discharges. Periods of low dissolved oxygen, bacterial contami-
nation, slime and algal blooms, and contamination by toxicants occur 
nearly every year. Uses of the river are restricted to those requir-
ing only low-quality water. 

Construction of abatement facilities has resulted in generally 
improved water quality conditions in the Willamette River downstream 
as far as Newberg; flow regulation for navigation through augmentation 
of low natural streamflow has also contributed to quality improvement . 
On the other hand, increased habitation, recreation, and industry in 
the tributary stream watersheds have resulted in increased bacterial 
loads in previously ''clean" streams. Ground cover has been disturbed 
and sediment production increased in certain areas by logging, road 
construction, farming, urban and suburban development, dam building, 
and other ground-disturbing developments . 

A suitable projection base must be provided to establish a mean-
ingful program for future water pollution control in the basin to fit 
anticipated needs . To make this possible, practices and activities 
that contribute to water quality degradation are identified and evalu-
ated as sources of pollution . At present, some sources are of major 
significance, and others are quite minor; but all are essential to 
consideration of a major water pollution control program . 

In some instances the present situation, as discussed in this 
section, represents development and conditions as they existed in 1965. 
Updated information has been included where possible to present a more 
current appraisal . Pollution control and abatement are accelerating 
within the basin, and a significant improvement in water quality has 
been made in recent years. 
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S O U R C E S 0 F P O L L U T I O N 

Within the Willamette Basin, the major pollutional effects have 
bee n downg rading of aesthetic qua lity, bacterial contamination, dis-
solved oxygen depression, and sediment deposition. 

Di sc ha r ge of bacter ially contaminated sanitary waste effluent has 
an immediate impact of public heal th significance and an a dve rs e effect , 
both aesthetic and economic, on potential downstream uses. Color, 
heat, and solids in waste discharges are important to these uses. Oxi-
di zable materials t e nd to deplete the dissolved oxygen content of the 
water, which, in turn, can b e detrimental to the fishery. Toxicants 
are of public health significance and may convert a hea lthy aquatic 
environment to a biologica l des e rt. 

The strength of organic wastes is expressed as biochemical oxygen 
demand (BOD) in milligrams of oxygen required for oxida tion per liter 
of waste, per unit of time at a prescribed temperature. The total 
amount of oxidizable waste may b e stated as pounds of BOD or as popula-
tion equivale nts (PE). The ave r age value for one PE is 0.17 lb. of 
fiv e -day BOD per day. 

Municipal a nd industrial wastes discharged to streams and rivers 
a r e the primary cause of the present water quality degradation. These 
sources of pollution are pot entiall y the most damaging, the most obvious, 
and aesthetically the most obnoxious. Since municipal and industrial 
waste dischar ges a re the most r eadily o bs e rved and identifie d, they have 
received the grea t es t a tt e nti o n in most discussions of needed improve-
ments to restore or preserve water quali ty. Other causes of degradation 
include: irriga tion r e turn flow, agricultural animal wastes (lives tock 
and poultry), thermal-power cooling wa t e r, mining wastes, recreational 
activities, impoundments and streamflow depletion, and other land-us e 
practi ces. However, these causes have had only minimal effects on wat e r 
quality within the Will ame tt e Basin, exce pt loc a lly. 
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Centralization of population and industry in four primary areas 
within the basin (Portland, Salem, Corvallis-Albany, and Eugene-
Springfie ld) has concentrated the waste sources (Figure II-1). The 
importance of pulp and paper wastes is obvious by their relative 
magnitude, as shown in this figure. Temporary lagooning and barging 
of these wastes provide control during the summer low-flow period, 
but during the remainde r of the year these wastes have been dis charged 
to the watercourses undiminished in strength. 

Trea tment pla nts for municipal and indus trial wa st e s ar e broadl y 
grouped into three classes: 

(1) Primary. Effects settleable solids removal and 35 to 45 
percent reduction of BOD. 

(2) Secondary. Effects about 85 perc e nt reduction o f BOD and 
so lids, and about 95 p e rce nt bacte ri a l r e duction, with ad e -
quate chlorination . 

(3) Tertiary. Effe cts 95 pe rc e nt BOD r e duction and r emov a l o f a 
hi g h pe rc e ntage of othe r pollutant s by spe cializ e d proc e sses . 

WASTE SOURCES PORTLAND 

2000 

SALEM 
1500 

Removed by temporary 
1000 Logooning 

900 Removed 
800 
700 
600 
500 

300 
200 
100 

0 

ALBANY- CORVALLIS 

EUGENE-SPRINGFIELD 

Figure II- 1. Location and Extent of Major Waste Sources, 1965 . 
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To effect adequate bacte rial control, effluent from any waste treatment 
plant must b e chlorinated. The De partment of Environmental Quality 
(former l y the Oregon State Sanitary Authority) presently requires at 
least secondary treatmen t and e ffective eff luent disinfection of all 
municipal wastes dis ch a rge d to the Willamette River or its tributaries. 

MUNICIPAL WASTES 

Municipal waste co lle ction a nd treatment fac ilitie s have been pro -
vide d for 736,7 15 per sons--about 55 percent of the basin's popu lation. 
The r ema inder of the population is serv e d by individual disposa l sys-
t ems. In 19 65, onl y the community of Monroe (popula tion 374) and por-
tions of the City of Por tland discharged untrea ted sewage to the rivers , 
but steps have bee n taken in both cases to e liminate this practice . 
Twe nt y yea rs ago, direc t discharge of raw sewage to the s treams was 
common practice . The need for abateme nt facilities had been establ is he d 
ea rlier by the Oregon Sta t e Sanitary Authorit y, but virtua ll y no prog -
r ess had b ee n made b y communities pr ior to 1946 . Since that time, more 
than $100 million has been spent by the taxpaye rs for sewe ra ge facili-
ties in the Willamette Basin. 

The amount and strength of r es idential wastes are basically r e l ated 
to the numb e r of peop l e serve d b y sewage collection facilities, but 
additiona l loads may be discharge d to the system by commercial a nd in-
dustri a l es t abli s hments. These wastes cause the total loa d to vary 
f rom a norm a nd may also caus e significant fluctuation. Quant ity and 
s tre n gth of wastes are influence d b y infiltration of ground wate r into 
sanitary sewers a nd storm-water inflow to combined systems, both of 
which may cause bypass ing of raw wastes directly to the river during 
periods of excess i ve sewe r flow. 

The major ef f ects of municipal was t e have been bacte rial contami -
nation a nd oxygen dep r ess ion in the streams . Othe r adve r se in f lue nces 
i nclude buildup of excess ive nutrients , co l or , toxicants, and so lid s . 

Bacterial con t amina tion has been of gr ea t public health signifi-
cance in the basin duri ng the pas t 60 yea r s, a nd its presenc e has had 
a g r ea t influence on the wast e control pro grams. Portions of nearly 
ev e r y ma j o r st r eam excee d genera lly a ccepted co liform bacteria s tand-
ards for water - contact recrea tion and wat e r s uppl y sources . 

Discharge d wastes , ev en af t e r treatment, contain oxidizab l e or-
gani c mat t er tha t exe rts an o xyge n demand on the receiving stream . The 
ne t effec t depends upon the amount and streng th of the e ffluen t, and 
the size a nd characterist ic s of the receiv i n g s tream. 

Municipal waste co llec tion and trea tme nt faci lit ies provide sev-
e r al benefits. Sewer sys t ems prevent public health dange rs and water 
pollution at the wa ste sources by collecting liquid wastes and isolat-
ing them from surface and ground waters. Idea lly , the treatment plant 
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reclaims the water from the waste and returns it to the river for fur-
ther use. Treatment plants are standard in purpose, although not in 
desi gn , with the following obj ectiv es fulfilled in various ways: re-
moval of grit and settleable solids; removal of oils, grease, and other 
floating mate r ial; removal of suspended solids; and reduction of bac -
t eria. Final disposal or treatment of undesirable fractions includes 
di ges tion of solids, biological treatment of organics, burial of some 
solids in sanitary land fil l s, incineration of organics, and disin fec-
tion by chlorinating the bacteria. 

Storm sewers occasionally contribute a significant amount of oxi-
dizable material. Fortunately , storm - sewer flow in the ba sin usually 
occurs only during periods of r elative l y high river flow, and the ef -
fects are therefore usually minimal . Siltation is the most serious 
effec t of storm - sewer flows , but creates a problem only in Portland 
Harbor. 

The majority of the communities have complied with orders of the 
Ore gon Sta te Sanitary Authority by constructing and operating secondary 
treatment plants. As indicated in Table II-1, the plant ef ficiencies 
are below the desirable level of 85 percent. This is the result of 
overloaded older plants, particularly during the short-term peaks. 
Inadequate plants are being upgraded to provide at least 85 percent 
treatment in order to comply with OSSA policy directives. 

Table II-1 
Summary of Municipal Waste Treatment Facilities, 1965 

Number Removal 
Type of of Population Population Equivalents Efficienc y 

Treatment Plants Served Untreated Discharged % 

Secondary 66 323,125 1,026,720 229,550 78 

Primary 1/ 8 36,350 140,950 96,880 32 

Lagoon 8 5,390 5,410 940 83 

Other 9 1,850 1,850 1,050 43 

Subtotal 91 366 , 715 1,174,930 328,420 72 

City of 
Portland 1 370 , 000 385,000 2/

BASIN TOTAL 92 736,715 1,559,930 328,420 79 

1/ Under orders for improvement to secondary . 
2/ Primary e ffluent t o Columbia River. 

II-6 



INDUSTRIAL WASTES 

Industrial wastes discharged to watercourses during the summer 
months amount to more than three times the municipal load in terms of 
biochemical oxyge n dema nd (BOD). The major contributor is the pulp 
and paper industry wi th a discharged load of more than 1,000,000 popu-
l a ti on e quivalents (PE). Discharged wastes include strong chemicals 
which exer t an oxygen demand and are toxic to the extent that a favor-
a ble aquatic environment is damaged. In addition, wo od fiber in these 
wastes se ttles a nd forms sludge be ds that in many cases form gas during 
decomposi ti on and ri se to the surface as unsi ghtly masses. The sludge 
b eds decompose and exert a continuous oxygen demand on the flowing 
stream. A list of the basin 's pulp and paper mills, with their pro -
duction capacity , is presented in Table II-2. 

Table Il-2 
Pulp and Paper Mills. 1966 

Firm 

Boise Cascade Corporation 
Crown Zel l erbach Corporation 
Crown Zel l erbach Corporation 

Evans Products Company 

Boise Cascade Corporation 
Publishers' Paper Company 

Publishers' Paper Company 
Western Kraft Corporation 
Weyerhaeuser Company 

Location 

Salem 
Le banon 
West Linn 

Corvallis 

St. Helens 
Oregon City 

Newberg 
Albany 
Springfield 

Tons/Day 

220 
95 

710 
385 

30 
40 

385 
120 
350 
150 
500 
450 

Process 

Sulfite 
Sulfite 
Sulfite 
Groundwood 
Sulfite 
Miscellaneous 
Sulfate 
Sulfite 
Groundwood 
Sulfite 
Sulfate 
Sulfate 

Representative organic waste l oads per ton of product for vari o us 
pulping a nd papermaking processes are s hown in Table II-3. 

Process 

Sulfite pulping 
Sulfate pulping 
Groundwood pulping 

(bleached, refiner) 
Papermaking 

Table II-3 
Organic Waste Loads 

Waste per Ton of Product 
Expectable 

with Treatme nt 
Lbs. BOD 

so 
10 
15 

5 
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Food-proces s ing plants discharge the second largest amount of or -
ganic industrial waste in the basin (Table II-4). Most of the proc e ss -
ing plants r e ly upon municipal systems for wa s t e di s posal; a few provide 
individual faciliti es . Oxidation ponds or land di s posal is the most 
common means of individual tr e a t ment . The peak of the v ege table- and 
fruit -processing s e ason usually occur s whe n climatic conditions are 
favorable for la g oon or land disposal ope rations . Adverse e ffe cts on 
the r e c e iving wa t e rcours e of e ff lue nt fr om food proc e ssors include 
stimula tion of alga l blooms , impartation of color, or di s char ge of 
set t l e able solids . A few plants are se rved onl y partiall y b y munici -
pa l s ewers, wi th the st r ong (high BOD) wastes going to the sewer, and 
weaker wa stes (such as r aw v e getab l e wa sh water ) discharging to the 
land or rive rs. Wash wat e r is relatively low in BOD but does carry 
sediment and , at times, color. 

Phot o II-2. Corn on the pr ocessing line--one of the many varieties of 
vegetables that are commercially prepared in similar plants 
thr oughout the Willamette Basin . (Oregon State Office of 
Economic Development, Portland, Oregon, Photo) 

The lumber and wood products indus tr y adve r se l y a ff e ct s water 
quality, a lthoug h i t s wastes do not prese nt problems whi c h a r e as 
critical or wide spre ad as those of the pulp a nd pape r indust r y . Pla n ts 
utilizing h ydraulic b a rke r s can contr i bu te up t o 25 pou nd s of sus pe nded 
solids pe r cord of wood . The s e solid s offe r potential damage to ae s-
thetic c onditions b y s e rving a s a b ase f o r attachme nt of sl imes. Log 
ponds a r e a sourc e o f suspe nde d mat e rial a nd c omplex o r gani c compo unds 
which may generate und e sira ble c olor a nd o d o r . 

A summary of industria l wa st e trea tme nt f ac ilities is p r esente d in 
Table II-4. 
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Table II-4 

Summary of Industrial Waste Treatment Faciliti es, 1965 

Numb e r Removal 
Type of of Population Eguivalents Efficiency 

Indus try P lant s Untreated Discharged % 

Pulp a nd Paper 1/ 9 4,491,400 1,074,060 76 2/

Food Products 3/ 13 134,550 4,100 97 

Fores t Products 20 22,950 9,690 58 

Miscellaneous 5 38 ,850 4/ 29,090 4/ 25 

BASIN TOTAL 47 4,687,750 1,116,940 76 

1/Includes two particle-board plants, but exc ludes one plant discharg -
ing to the Columbia and one building board and paper mill. 

'];_/. Refers only to summe r period a nd reflects t emporary withho lding by 
lagoon storage, land application, and bargin g . 

3/ Excl udes wastes treated b y municipal plants. 

4/ Includes numerous small discharges to Po rtland Harbor. 

IRRIGATION 

Within the Willamette Basin, effects of irrigation on water qual-
ity are min imal . The most obvious po tential for stream pollution from 
irrigation is by r eturn flow, but about 95 percent of water app lication 
on the 244 ,000 acres of irriga t e d l and i s by sprinkler, with virtually 
no surface runof f . Application is regulated to minimize pumping costs 
and to obtain optimum productivity with but little exces s water applied. 
Most chemicals applied are utilized by the crops or bound in the soil . 

Runo ff from fal l and winter rains carries some natural and applied 
minerals and chemicals to the rivers . However, streamf low during these 
seasons is generally g reat enough to preclude development of problems . 

Annual withdrawal of surface an d g round water was es timated to be 
569,000 acre-fee t in 1965 (Appendi x F--Irrigation ). The f low of some 
st reams is nearly dep leted during periods of irrigation; thus, the 
quanti t y and quality of the remaining flow and re turn f low are insuffi-
c i en t to prevent degradation caused by the addition of any pollutants . 

Present regulations and recommended prac ti ces give full c o gnizance 
to programs of wate r pollution control . Research efforts have resulted 
in guidelines for wate r and chemica l application to produce optimum eco-
nomic returns and at the same time to minimize wa t er pollution. 
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LIVESTOCK AND POULTRY 

Readily defined adverse e ffects of livestock and poultry on water 
quality have been limited to minor instances of localized pollution. 
Problems of bacterial contamination and organic pollution have usually 
been traced to improper discharge of liquid and solid wastes f rom large 
poultry houses or concentrations of cattle such as drainage from dair-
i e s and feed yards. Droppings and manure are frequently collected, 
stored, and applied to the ground in liquid form or treated in oxida-
tion ponds . 

Animal wastes flushed into streams not only contribute a high bac-
terial load but also exert a biochemical oxygen demand. The estimate 
of potentia l fecal strep tococci from animal sources in the Willamette 
Basin for 1959 was over 78 time s that from human sources . Assuming a 
90 percent reduction by land disposal, the magnitude of the residual 
load from animal sources is almost eight times that from human sources 
before treatment . 

Photo II-3. Wherever pasturelands are adjacent to watercourses (such 
as the Albany Ditch above ) , the streams receive animal 
wastes from watering sites like the one shown. (USDA , 
Soil Conservation Service , Portland, Oregon, Photo) 

The oxygen demand of the wastes from the 223,000 head of livestock 
in the basin would b e a bout equal to that of the total population of 
the basin. The amount of these wastes r eaching the waterways is un-
known. However, the se relationships point out the necessity of proper 
handling and management of domes tic animal wastes to prevent them from 
reaching the s treams . 

Present laws are adequate, but obtaining full and continuous com-
plianc e is a problem . Research activities include attempts to develop 
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adequate waste treatme nt techniques that a r e also economical for use by 
the agricultur a l industry. 

THERMAL POWER 

Thermal power generation is essentially limited to produc tion for 
pe ak loads at the present time . Existing steam-electric generating 
plants are located a t load centers. Five s u ch plant s a r e in use inter-
mittently in the b asin with an aggregate namep l a t e capacity of 148,375 
kilowat t s; two a r e in Portland , an d three are in the Eugen e -Springfi eld 
area . The plants are r e latively small, a nd no adverse effec t s of any 
magnitude have been identified with heat dis charged from them . 

MINERAL INDUSTRIES 

Grave l removal and washing in, or i mmedi a t e l y ad j acent to, the 
streams are common practice and freque ntly cause serious stream po llu-
tion from turbidity and s e dimentation . Mining (ore extraction) is very 
mi nor in the basin, and no problems have b een associat e d with this se g -
ment of the mine ral industry . 

Photo II- 4. Extensive dredging f or sand and gravel has excavated the 
center of Ros s Island, at the head of Portland Harbor . 

The full effe ct of the s e diment load di scharged b y the g rave l in-
dustry cannot be identified, but municipal and industrial suppli e s, 
fish propagation, recreation, navi gation , and general a e st hetic va lues 
are a dve rs e ly affected. Vi sua l evide nce of po llut ion from grave l-
washing o pe r a tions may be observed in the Willamette River between 
Euge ne and the confluence of the Middle and Coast Forks. The Middle 
Fork is r e l a tive ly clear as it joins the Coast Fork, but effluent from 
gravel pits a nd settling basins rapidly transforms the c l ear water to 
murky brown. 
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Present regulations need s trengthening to control sediment pollu-
tion from this sourc e and o the rs a s we ll . Dikes , berms, and se ttling 
basins a re usuall y r e quir e d at job sites , but the se measur es a r e no t 
always fully effec tive . Breached dikes , improperly constructe d dikes 
and ponds, and care l ess operation are common c a us e s of exc essive con -
tributions of sedime nt. 

RECREATION 

The Wi llamette Basin has many water - based recreation a r eas. De -
velope d and organized r e crea tional installatio ns have san i tary facil i-
ties des igned to protec t the public and the adjacent waters . Pit 
privies or c e ntral facilities , dischar gi n g to septic tanks and tile 
fields, are the most common means of wast e disposal . Increased us age 
of a park area is frequently fol lowed b y construction of improve d sani -
tary faci lities. 

Sanitary wast e facilities are usua lly deficie nt at improvised r ec -
reation sites (such as many small boat landings and water - skiing areas ) 
and in pleasure craft and houseboats. The load, organi c and bacterial, 
f r om these sources has not been identifi ed numerically, but its impor-
tance has been recognized . 

Regulations gove rning installa tions of sanitary facilities are 
generally adequate , but are difficult to e nforc e becaus e o f the many 
improvis e d r e creation sites . Research activities are orie nted towa rd 
improveme nt of disposal facilities for small recreation areas, ple as-
ure craf t, a nd houseboa ts. 
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LAND USE EFFECTS 

La nd use pra ctice s c a n s ub s tantially a lt e r the phys ica l e nviron-
me nt of a river ba s in and a f fe ct wa t e r qua lit y . Cha n ges in the follow-
ing wa t e r qua l i t y pa r ame t e r s may r esult fr om land u se prac tices in the 
Willame tte Ba s in: sedime nt, mineral s , nutri e nts, to x ica nts, t e mpe r a -
ture , ba ct e ri a , a nd o r ganic ma t te r. Di s cus sion of these cha nges i s 
l i mit e d t o t he ir c a u ses a nd import a nce to wat e r qua lity . 

Sedime nt 

I n th e Will ame tte Ba sin, t he production and transport o f s edime nt 
co n s titute t he most s i gnif icant imp a irme nt to water qual i t y r es ulting 
f rom l and us e . Hi gh conce ntr a tions o f sediment ge n e rally o ccur during 
pe r i od s o f h igh precipit a t i on or snowme lt and a re carrie d in f lood 
f lows . Se dime nt is da mag ing both while s us p e nded and afte r se ttling . 
I t mus t be removed prior to us e of the wate r for either muni c ip a l or 
indus tri a l s upplies. The trans p a r e nt chara cte rist ic o f wa t er i s de -
s troye d b y sediment loads, making di v ing and o ther wa t e r- con tac t r ec-
rea t ion h a z a rdous , a s we ll a s obs c uring unde r water ob j ec t s f rom sight 
o f boa t e r s . Rewards of fi s hing in turbid wa t e r s are fr e que ntly v e r y 
s li gh t . Se ttle d s e diment s uffo cates a q ua ti c f lora and fa una wh i l e 
l y ing ready f or furth e r tra n s p o rt by the next fre s h e t. Ultima t e de po-
s ition fre quently imp a irs n av i ga tion by f i lli n g channe l s ; dr e d ging i s 
then r equi red. Maxi mum se d imen t concentra t ion s meas ure d i n sev e r a l 
Wi ll ame tte Basin s treams , as of 19 59, are lis t e d in the foll owing 
t a bula t io n : 

Loca tion 

Coast Fork Wi lla me tte Rive r nea r Lon do n ( a b ov e dam) 
Coas t Fo r k Willa me tt e Rive r b e l ow Co tt age Gr ove Dam 
Row Rive r ne a r S t a r ( a b ov e dam ) 
Row Rive r be l ow Do r e na Dam 
Wi l l ame tte Ri v e r a t Springf i e ld 
McKenzie Rive r 
Ma r ys Rive r 
Ca l apooi a Rive r 
Sa nt iam Rive r 
Luc kiamut e Rive r 
Wil lame t t e Ri v e r a t Sa l em 
South Yamhil l Rive r 
Tua l a tin Rive r 

I I -1 3 

Co ncen tra t io n 
(ppm) 

400 
260 
330 
13 0 
350 
240 
500 
340 
5 03 
410 
400 
800 
390 



Annua l ave r age s e diment produc tion in the Wi l l ame tte Rive r, as 
measure d in Portla nd Ha rb o r, is 2 . 3 mi l l i on t on s . Th e s e d i me nt dis-
cha r ge of the Will a me tte Rive r a t Port land dur i n g the fl ood p e r iod 
from De c e mber 21 t o 31, 1 964, was 6 ,400 ,000 t on s --a l mos t three times 
the sed imen t tr an s port fo r t he ave r a ge wa t er year . 

Photo II- 5 . Bank erosion damage from the flood of 1964 and subsequent 
rains , on the main stem of the Willamette River . (USDA , 
Soil Conservation Service , Portland, Or egon, Photo) 

The l a nd s mo st s ubj ec t t o e r os i o n a r e forest land s on re l a t ive l y 
steep slopes whic h are expos e d t o large amount s of r a i nfa ll and snow-
me lt. The s e l a nd s comp r i se t wo - third s of the basin . Some of the so il s 
a r e h i ghly susce ptible t o e r o s i o n, mak ing it impe r a tive tha t p r ope r 
ma nageme nt pra ctices b e followe d whe n ma kin g c ha n ges in t he forest e n-
vi ronme n t . 

The ma j or s ing l e source o f sedimen t i s b a nk- c utting ca used by 
f l ood f l ows . Ne ithe r land ma nageme nt pra c t ices no r pre s e nt f l ood con -
tro l t e chni q ues a nd cha nne l pro t ec ti o n proj ec t s ha v e contro lle d thi s 
t ype o f e ro s ion . 
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Stripping of vegetative cover and massive disturbance of s oil in 
construction activities for urban-suburban structures and highways 
contribute large quantities of sediment during runoff periods . Con-
struction activities produce 25, 000 to 50,000 tons of sediment annually 
per square mile, as compared with 20 to 500 tons per year normally con-
tributed from forest or crop lands, as report e d in studies in Maryland 
and Virginia. 1/ 

Minerals 

High rainfall and runoff in the Willamette Basin have historically 
dissolved and removed so luble minerals so that most streams have con-
centrations of less than 50 mg/1 dissolved solids (the USPHS drinking 
water standard is 500 mg / 1). Any accumulations of dissolved soli ds 
that might result from evapotranspiration in forests or irrigated and 
other agricultu r al lands are removed seasonally during the winter rains 
when runoff is greatest and the concentration of dissolved solids in 
the streams is the least. High mineral content of water restricts its 
use; present levels in the basin are virtually non-restri ctive . 

A number of the basin ' s waters have pH values below 7.0, a condi-
tion which brings more iron and silica into solution, especially in 
some ground waters . Consequently, the ground-water mineral content of 
some aquifers is less suitable than that of surface water for municipal 
and industrial use. 

Nutrients 

The chemical constituents termed "nutrients" stimulate aquatic 
growths. Slimes, algal forms, and other growths create unsightly 
nuisance conditions and obnoxious taste and odor problems. The exact 
nature of the nutrient balance which will produce algal blooms is not 
known; however, nitrogen and phosphorus a ppear to be significant fac-
tors in stimulating excessive growths. 

1/ Interstate Commission of the Potomac River Basin. "A Program for 
Sediment Control in th e Washington Metropolitan Region." Technical 
Bulletin 1963-1. 
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The total annua l nitroge n yi e lde d t o the Wi llamette Rive r, meas ured 
at Portland Harbor, is abou t 130,000 tons measured as nitrates . Of this 
t o t al, it is estimated that 11 percent is contributed by people, 12 per -
c en t b y agriculture, 5 percent by cattle , 5 pe rcent b y rain, and 67 per-
c e nt by unknown sou rces . 

Phosphate is of equal or grea t er significance, even though the 
qu a ntit y cont ributed is smaller, because much lower concentra tions a r e 
r eq uired for algal g rowth. Abo ut 2,500 tons of phosphate annually 
r each wate r courses of the basin . Two-thirds of that amount is contrib -
uted from fe rtilizers , a nd about one-third eman a t es from human was t es . 
The quantities of phosphorus an d nitrogen reaching the basin ' s s treams 
from forest and agricultural lands or other sources are quite small , 
except during periods of winter runo ff . Problems have no t arisen dur-
ing these periods becaus e water temperature i s not amenable to optimum 
algal o r aq u a ti c g rowth. 

Toxicants 

Most of the substa nces that a r e toxic to the aquatic habitat are 
man-made or -caused . These include organic and inorganic pe s t icide s, 
certain minerals, and petroleum products washed into streams f r om high -
ways or indus trial areas . None of these toxicants resulting from l a nd 
use is conside r ed to be a major problem in the Willame tte Basin . 

Pesticides are u sed extensive ly on agricultural and fores t land in 
the Wi llamet t e Basin , wi th 1, 600 tons of he rbicide s , 8,000 tons of 
fungicides, and 3,300 tons of insecticides applied a nnually . Careful 
us e , combined with the ability of the s o il to act a s a filt e r, has ge n -
e rally prevented damaging conc e ntrations from r e aching the waterwa ys . 
A hazard is present, however, when to x icants are handled b y individuals 
without proper training. The r e fo r e, r egulation of the us e o f pe sticides 
should be con tinued by control a ge nci e s . 

Temperature 

The present logging practice of cle ar - cutting small, scattered 
tracts cause s temporary increas e s of o ne t o e i ght deg ree s F in stream 
temperature s of local watersheds unt i l suffici e nt v egetat ive cove r is 
restored to provide ground shade . However, the se increas e s have ha d 
little effec t on temperatures of major streams in the basin, and no 
identifiable problems have r e sult e d. 

Ba ct e ri a 

Animal feedlots located adjacent to streams o r a nima l wa stes 
flushed into Willamette streams not only con t ribute a hi g h ba cteria l 
concentration to the streams but also exe rt a bi oc hem ica l oxygen de -
mand . Thi s bec omes particularl y si gnifica nt i n times o f l ow fl ow . 
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Organic Matter 

Organic litter and de bris ari carried to the stream from areas in 
forest a nd farm land that have been recently disturbed . Some of this 
material f l oats and crea t es unsightly co nditions whi l e some set tles and 
forms tro ub l esome sludge be ds. None of t hese hav e been i den t ified as 
causing specific problems , but they contribute to water quality degrada -
tion and mechanically affect fish passa ge . The ef fects on water quality 
of log ponding and handling need further st udy and defi ni tion . 

IMPOUNDMENTS AN D STREAM REGULATION 

When wat e r as a free-flow i ng stream is impo u nded and a pool forms, 
its physical and chemical properties and biological p o pulations are 
modified. Although these changes might result in improved water qual -
ity dow n s t ream , specific quali t y parameters wit h i n the reservoir are 
often a dversely affected . These effects depend upon surface area, 
depth, and detention time . The changes in quality that occur during 
storage in a given e nvironment are both beneficial and detrime ntal. 
Table II-5 shows t he location a n d size of major reservoirs in the 
bas in. 

Reservoir 

Cottage Grove 
Dorena 
Lookout Point 
Hills Creek 
Dexter 
Fall Creek 
Smith 
Cougar 
Blue River 
Fern Ri d ge 
Detroit 
Green Peter 
Foster 
Big Cliff 
Timothy Meadows 
North Fork 
Lake Ben Morrow 
Bull Run, 

Res. No . 2 

Table II-5 

Major Storage Reservoirs, 1968 

S t ream 

Coast Fork Willamette R . 
Row River 
Middle Fork Willamette R. 
Middle Fork Willamette R . 
Middle Fork Willamette R . 
Fall Creek 
Smith River 
South Fork McKenzie R . 
Blue River 
Long Tom River 
North Santiam River 
Middle Santiam River 
South Santiam River 
North Santiam River 

Drainage 
Area 

Sq . Mi . 

104 
265 
991 
389 
996 
184 

18 
208 

88 
273 
438 
277 
494 
452 

Oak Grove Fork, Clackamas R. 
Clackamas River 

54 
665 

74 Bull Run River 

Bull Run River 102 
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Storage Acre-Feet 
Gross Usable 

32;900 
77,500 

456,000 
356,000 
28,000 

125,000 
15,000 

219,300 
89,000 

117 , 000 
454,900 
430,000 

61,000 
6,000 

65,700 
19,200 
30,700 

21,000 

30,060 
70,500 

349,400 
249,000 

4,800 
115,000 

9,900 
165,100 

85,000 
ll0,000 
339,900 
333,000 

33 , 600 
2,430 

61,650 
6,000 

30,100 

21,000 



Beneficial Ef fe ct s 

The g r ea tly r e duc e d v e locity of f low throug h a res e rvoi r sec tion 
of a stream has a direc t effec t o n wa t e r qua lit y be l ow the impoundment . 
Suspend e d solids a nd organic material transported from drain age a r eas 
above the dam u suall y s e t tle out in the r e s e rvo ir , e ffect i n g a r e duc-
tion of oxygen-consuming ma t e rial a nd turbidit y in the water di sc ha r ge d 
from the structure . Bacterial qua lit y is a lso improved b ecause in-
creased time - of - travel pe rmit s a natu r al " di e - away" of b ac t er i a within 
the r eservoir . A r e duction of 90 percent in coliform concentrations 
may be obtai ne d e v e n in small r ese r v o ir s , a nd up to 98 pe rcent reduc -
tion has been obs e rve d in r ese rvoirs providing long pe riod s of r eten -
tion. 

Behind the hi gh dams, s uch as Lookout Point, Hills Creek, Detroit, 
a nd othe rs, cold, de ns e wa ter laye rs are at the bottom of th e poo l, 
with the warmer, l ess de ns e wat e r on top . La t e summer r e l eases of the 
water f rom the colder low l ev e ls d e crease the downst r eam t empe r at ures . 
This i s normall y beneficial to the fishery and usually desi r ab l e for 
municipal water suppl ies . Cool water a l so r etards the g r owth of some 
a qua tic slimes and other undes irable g rowths . 
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Hills Creek Dam Lookout Point Dam 

Detroit Dam 
Photo II- 6. Three major impoundments in the Willamette Basin are 

behind these dams , all of which have been involved in 
release of water f or f low augmentation . (Corps of 
Engineers , Portland, Oregon, Photo) 
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De trimen tal Effects 

Conditions that benefit downs tr eam water quality may also crea t e 
adv e r se effec t s within the impo undment. The nna l s tra tification in deep 
r ese rvoirs result s in the is o l at ion of surface and bottom layers a nd 
pre v e nts r eae ration of lowe r l e v e ls. Organic material and dead biolog -
ical organisms are continuall y depos it e d on the bottom where they d e -
compose a nd may comple t e l y d e ple t e the oxyge n r esour ce . Sign i f i cant 
d e posi t s r e sult in a nae r obic decompos ition , with ge ne ration of hydroge n 
s ulfide , methane, a nd othe r to x ic gases . Re l eases from l ow-leve l out -
lets during pe riod s of thennal s tra ti f i cation , in the a b sence of r e -
ae r a tion, a r e the r efo r e d e trime ntal t o down s tream oxygen conc en trations . 
However , because wat e r c a n hold mo r e oxygen at l ow t empe r atures , the 
r eae r a tion pote ntial is i nc r eased, especia ll y in a r eas of turbule nt 
fl ow below e xisting dams . Some r esea rch has b ee n dire cted towards es -
t ablishing sa tisfac tory mea n s of reae r a ti on of penstock a nd turbine 
flow . 

Stimulation o f a l gal g rowth is anothe r a dv e rse ef fect of impound-
men ts. Wann surface t empe r a tures and increased depth of li ght pe ne tra-
tion throug h the clear waters of r ese rvoirs contribut e to prolific 
a l ga l g rowth, particula rl y in the presence of ab undant quantiti es of 
nutri e nt s s u ch as nitro gen and phos phorus . Thes e biological o r ganisms 
crea t e nui sance c onditions, such as obj e ctionable t as t e , odor, and 
color, and ma y affect the dis so lve d oxyge n concentra tions through their 
photosynthetic and respiratory ac tivity a nd decomposition . An ov er -
a bundant nutrient supply will eventual l y l ea d to a long -term stimulation 
of the a l ga l population o f the r ese rvoi r and r esult in prema ture " aging " 
of the lake . Al ga l productivity may a l so be accele r a t e d during the 
ea rly life of r ese rvoi r s by the nutrients and organics leached f r om the 
f r eshly exposed soil horizons within the new impoundmen t s . 

The design of o utl e t s tructure s also limit s r ese r vo ir effec tive -
n ess in c ontrolling wat e r quality . Single - leve l outle ts limit wi th-
drawals to one de pth a nd to the qualit y characteristics existing at 
tha t de pth, whe reas multiple -lev e l outlets could provide the nec e ssary 
f l exibility to control the qua lity of r e l eases . 

Present Effec t s 

Adverse e ffe c ts of impoundments on wa t e r quality in the Willamette 
Basin a r e not considered to be a major problem today , nor a re the poten-
ti a l benefits to water quality fully realize d . Willamette d a ms are r e la-
tively n ew , and changes in reservoir water qualit y that may be occurring 
are still slight enough that they are diffi cult to det e ct . Howeve r, 
fisheri es agencies have compl a ined tha t some reservoirs in the Coast 
Fork Subbasin have seasonally r e l ease d warm wa t e r downstre a m, lowe ring 
the qua lity for fish us e . Extremely low-temp e r a ture water r e l eases 
h ave been r e porte d in the McKenzie Subbas in. Turbidity problems , in-
cluding those produced by algae, have been reported in Middle Fork 
Subbasin r ese rvoirs. Because there are p r esen tl y no major waste sources 
en t e ring the streams above Willamette r eservo irs , there h ave b een few 
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complaints of poor water quality in the reservoirs; in a few cases, high 
algal populations have caused taste and odor problems in downstream 
water supplies and in game fish. 

The Federal Water Pollution Control Administration, in cooperation 
with the Army Corps of Engineers, has carried out a series of monthly 
water quality investigations in Detroit Reservoir since 1964. Tempera-
ture, dissolved oxygen, inorganic phosphate, nitrate, chlorophyll, and 
pH were measured. Preliminary results indicate that oxygen depressions, 
although s li ght (80 to 90 percent saturation), occur at deepe r levels 
due to the demand exerted by decaying algae and other organic matter 
which have settled through the water column. Periodic s urveys of other 
reservoirs in the basin have substantiated the premise that these condi-
tions are typical. 
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E V A L U A T I O N F A C T O R S 

Characteristics of the basin's stre ams a re of prime importance in 
conside ring the effects of man ' s activities on wa ter qua lit y . Stream
discharge quantity, velocity, turbulenc e , and t empe rature are all s ig -
nifica nt in evaluating these effects. Climatic charact e ristics of the 
basin, although not controllable to any significant degree , also influ-
ence wate r quality. Existing physical and statutory r e gulations like -
wis e have a major effect on conditions . 

STREAM CHARACTERISTICS 

The quantity of receiving water is of primary importance in con-
sidering the effects of dis charged wastes. Flow in all streams of the 
basin fluctuates greatly on a seasonal basis. The flow pattern closely 
resembles the rainfall pattern and is nearly inverse to seasonal waste 
production . Design criteria for determining the need for, and value 
of, flow regulation for water quality control include a probable drought-
recurrence interval of one year in ten. The variance of flow is shown 
in Figure II-2. As an example, the flow of the Willamette River at 
Portland ranges from 37,000 cubic feet per second (the annual average 
flow) to 7,200 cfs (the average August flow) to only 5,200 cfs for 
August, the critical month, during a critical (one-in- ten-year) drought. 

Figur e II- 2 

Observed Average and Minimum 
August Flows in cfs 

II- 2 2 

Annual Average and Critical 
Year Flows in cfs 



Regulation of flow by impoundments has a major effect on the Coast 
and Middle Forks of the Willamette River and on the North Santiam, 
Clackamas, and Willamette Rivers. Present regulation is principally 
for the purposes of flood control, power generation, and navigation. 
Low summer streamflows are depleted by diversions for consumptive uses. 

During the period from 1961 to 1966, the Oregon State Water Re-
sources Board established minimum perennial streamflows at 96 points 
in the Willamette Basin. These are flows below which water may not 
be appropriated except for domestic or livestock use or by holders of 
water rights established prior to the date of the Board's order. 
These flows established as legal minimums are not always satisfied by 
natural conditions. At some locations minimum flows involve only natu-
ral streamflows, while at others they involve both natural streamflows 
and water released from storage. Seasonal minimum perennial flows 
established in the lower basin have as many as four flow values at some 
points at different times of the year. Table II-6 lists some of these 
points and the minimum flows set at each. A complete listing is con-
tained in Appendix B--Hydrology. Further reference could be made to 
the Oregon State Water Resources Board programs for the Upper, Middle, 
and Lower Willamette Basins (equivalent to the Upper, Middle, and 
Lower Subareas) for exact locations of the flow points and the values 
se t at these points. 

Photo II- 7. Summertime low flow at Willamette Falls . Most of the 
river is being diverted through two power turbines . 
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Tab l e II - 6 
Minimum Flows , Willamette Basin 

Stream Point 

Coast Fo rk Wi llamette River, above Row River 
Row Rive r, a t mo uth 
Coast Fork Wi llame tte Rive r, at mou th 
North Fork of Middle Fork Willamet t e R. , at mouth 
Fall Creek , at mouth 
Middle Fork Willamette River, at mouth 
McKenzie River , at gage # 14-1625 near Vida 
Mo hawk River, at mou th 
McKenzie River , at Int . #5 Hwy. bridge 
Long Tom River, at gage # 14-1 700 a t Monroe 
Ca l apooia River, a t gage # 14-1720 at Holley 
Calapooia Rive r, at gage #14 - 1735 a t Albany 
South Sant i am River, at gage # 14-1850 below Cascadia 
Middle Santiam River , a t gage # 14 -1865 near Foster 
Wiley Creek, a t mouth 
South San ti am River , a t gage # 14 -1875 at Wa t er lo o 
No rth Santi am River , a t gage # 14-1780 near De troit 
No rth Santiam Rive r, a t gage # 14 -1815 at Niaga r a 
North San tiam Rive r, a t gage #14-1841 near Jefferson 
Santiam River, a t gage # 14 - 1890 at J effe rson 
Santiam Rive r, at mouth 
Marys Rive r, a t gage # 14-1710 nea r Phi l omath 
Marys River , a t mouth 
Luckiamu t e River, at gage # 14 - 1905 near Suve r 
Luckiamut e River, at mouth 
Rickr ea ll Creek , a t gage #14 -1907 nea r Dallas
South Yamhi ll Rive r, a t gage #14-1925 nea r Wil l amina 
Willamina Creek, a t gage #14-1930 near Wi llamina 
South Yamhill River, a t gage #14 -1 940 near Whi t eson 
North Yamhill River, a t gage # 14 -1 970 at Pike 
Yamhill River , at gage ( site ) # 14 -1 975 at Lafayette 
Pudding Rive r, a t gage # 14-2010 nea r Mt . Ange l 
Pudding River , at gage #14 - 2020 a t Aurora 
Molalla River, a t gage # 14-1985 near Wilhoi t 

Natural 
Fl ow 
cfs 

15 
40 
40 

ll5 
40 

640 
1,400 

20 
1,025 

30 
20 
50 

110 
10 

170 
345 
500 
430 
330 
320 

10 
5 

25 
20 

5 
20 
20 
15 
10 
15 
10 
35 
35 
60 

1, 750 
1, 300 
1,500 

Molal l a River, at gage #14 - 2000 nea r Canby 
Wi llamette River, at gage # 14 - 1740 at Albany 
Willame tt e River, at gage # 14-1 910 a t Sa l em 
Wi llamet t e Ri ver , a t gage # 14-1980 at Wilsonvi lle 
Tualatin River, at mile 70 
Seine Cr eek, at mout h 

10- 65 - 20 
2- 25 - 8 

Tualatin River, at gage # 14 - 2035 near Di lley 
Gales Creek, at mou th 
Gale s Creek , at mile 12 
Beaver Cr eek, at mouth 
East Fork Da iry Creek , a t mi l e 13 
Tualatin Ri ver , at gage # 14 - 2075 at West Linn 
Cl ackamas River, a t gage # 14-2080 a t Big Bottom 
Co l lawash River, a t mouth 
Oak Gr ove Fork Clackamas River , a t mouth 

15 
12-100-35 

8 -70 
1- 17 - 3 

12 - 50 - 25 
15 - 30 - 20 
150-240 

75 - 250 - 200 

Clackamas River, a t gage # 14-2095 above Three Lynx 
No rth Scappoose Cree k, at mouth 

10 
400 

5 -40 - 20 
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Storage 
Release 

cf S 

100 
150 
250 

470 
1,475 

580 

700 
370 
340 
340 

260 

930 

640 
640 

1,570 
1,570 

3,140 
4,700 
4,700 



Stre am gradie nt s inf luence water quality bec a u se they affe ct re-
ae r a ti o n r a t es , time-o f-trave l, and bottom de posits. In the upland 
a r eas, the s tr e ams c asc a d e through gorge s a nd ove r rocks, providing 
a hi g h r eae r a ti o n rat e a nd a s hort time of passage . In the s e r eaches, 
a ll but the heavi es t s olids a r e c a rri e d in suspe nsion by the s tre am . 
In the lowe r r eache s, flatt e r g radients r esult in low r e aerati o n rat e s 
a nd a n ext e nded trav e l time . Low velocitie s allow a lmost all se ttle-
a ble so lid s t o fa ll out to form bottom d e posit s . Gra die nt s o f the 
Willame tte Rive r r a nge f rom an av e ra ge o f four f ee t pe r mil e be twee n 
Eu ge ne a nd Corv alli s t o 1 .7 f ee t per mile be twee n Corvalli s a nd Newb e r g , 
to a b a r e l y pe rce ptible drop through Portland Harbor. The e ast - side 
s tre ams ge ne r a lly have s tee pe r g radi e nt s than the we st-side stre ams; 
the a v e r age g r a di e nt of the Sa ntiam Rive r is 22 f ee t pe r mil e , a nd g rad-
i e nt s of the wes t-side s treams on the v a lley fl o or a r e one to thre e f ee t 
pe r mil e . 

Time -of- t rave l is a functi o n of stre am g radi e nts a nd quantit y of 
f l ow. Long trave l times , indi ca tive o f flat g r a di e nt s, r e sult i n ad-
v e r se qua lit y c onditions b e cause o f pro l on ge d r e t e ntion of wa ste s in 
s lugg i s h pools which provide little r e a e r a tion. Bacte rial de nsitie s 
usually d e crea s e throu gh the s e r e ache s b e cause of natural di e -off, a 
time function. The di ss olve d oxygen l e v e l i s d e pre s sed as was t e sta ys 
i n the s ame area thro u gh it s pe riods o f g r ea te s t oxyge n d ema nd, a nd 
b e nthic de posits de ple t e the oxyge n from bottom l aye r s o f wat e r. Alga l 
activit y i s a cc e l e r a t e d b y inc r ease d s o l a r e x pos ure , and g rowth may b e 
pro fus e in s l ow-moving pools. Typical t i me s-of-tra v e l are shown in 
Fi gur e II -3 . 

Santiam South Sant/om 

Figure II-3
Time - of-Travel 

Willamette , Yamhill , and Santiam Rivers 

YA MHILL RIVER MILES 

SANT/AM RI VER 
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CLIMATIC CONSIDERATIONS 

The monthly di s tribution of rainfall influences water qualit y 
through its effect on runof f , streamflow, a nd water us e . Figure II-4 
illustrates the average monthly precipit ation recorded at Sale m and is 
r e presentative of the pattern of monthly distribution of precipitation 
throughout the basin; the simi l a rity of streamflow distribution is also 
shown . A detailed discussion of the basin' s climate an d runoff is pre-
sented in Appendix B--Hydrology . 

Average annual precipitation is not unifo r m throughout the basin 
because of the v a ried topo graphy and direc tion of the moisture-bearing 
winds. Relatively high annual precipitation occurs on the Coast Range 
(with values r each ing more than 200 inches)-- mostly as r ain , except at 
the higher e levations . Similar precipita tion intensities occur on th e 
higher s lopes of the Cas cades --primari l y as snow . Bottom l a nds l ie in 
the rain s hadow of the Coast Range and Calapooya Mo untains and receive 
average annual precipitation ranging b e t ween 40 and 50 inches, o ccur-
ring almos t entire l y as rain in the winte r months. 

Due to the control they exercise over water tempe r ature in 
s treams and reservoirs, the rmal influences in the e nvironment have a 
significant effect upon water qua lity. Temperature influences 
biological-biochemica l processes, and the ability of the water bod y to 
absorb oxygen . 

MONTHLY PRECIPITATION AT SALEM SALEM MONTHLY HYDROGRAPH 
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Figure II- 4. Precipi tation and Runoff at Salem, Or egon . 
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The principal meteorologic factors contributing heat to natural 
bodies of water are short -wave solar radiation and long-wave atmo-
spheric radiation. In the Willamette Basin, clear-sky solar radiation 
varies from about 500 BTU/sq.ft./day in January to about 2,800 BTU/ 
sq . ft ./day in July. Solar radiation reaching the eart h's surface is 
r e duced by s ky cove r. Long-wave atmosphe ric radiation is a function 
prima rily of ai r t emperature and humidit y , and varies from 2,400 to 
3,200 BTU/sq . ft ./ day . A body of water loses heat to the environment 
largely thro ugh long -wave radiation and evaporation . Radiation emitted 
by the water is de pendent upon the t emperature of the water a nd gen -
era lly ranges from 2,400 to 3,600 BTU/sq.ft./day. 

Evaporation is a function of water temperature , as well as wind 
speed and humidit y . As wat e r is vaporiz e d, heat is consumed at the 
rate of about 1,000 BTU per pound of water evaporated . Evaporation 
from lake s and r ese rvoirs in the basin can r eac h values of 0.5 inch/ 
day during summe r with a corresponding heat los s of 2,500 BTU/sq . ft./ 
day. 
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W A T E R Q U A L I T Y A N D P O L L U T I O N 

The pre sent quality of surfac e wat e r in the Willame tte Ba s in i s 
general l y good . However, in most case s , the gove rning qualit y factor 
is the worst c ondition , not the avera ge . Wat e r quality data from the 
Oregon Sta t e Sanitary Authority (OSSA), the U. S . Geo l ogical Surve y, 
and the Federal Wat e r Pollution Control Administration show a cc e ptable 
average quality l e v e l s at all sampling stations, with the exceptio n o f 
bacterial concentrations b e low areas o f d e ns e po pulation. Th e s e da ta 
also show that the quality i s degrad e d a t time s during the year. 

Photo II- 8. It begins here : The upland countr y around seven- eighths 
of the Willamette Basin 's peripher y is the source of the 
r egion ' s surface waters . 

Table II- 7 s hows the ge ne r a l water qualit y situation in the basin 
for th e critical month of Aug ust , both f or the p e riod of r e c o rd and 
for the August 1965 s urvey b y the OSSA. In most ca se s , the f i g ur e s 
repre s e nt a nalytica l r e sult s fr om " grab " sample s taken on a s che dul e 
r ang ing from daily to monthly . More fr e que nt sampling is des irable , 
but b e yond the financial r e ach of the a ge ncies concerned . Some of the 
e xtre me v a lue s shown, particularly the minimum oxygen conc e ntrations , 
r e sul ted fr om past conditions a nd a r e not repre s e nt a tive of present 
conditions . Othe r pa ramet e r s --conductivit y , color, turbidit y , r e sidue, 
total a lka linit y , t o tal hardne ss, sulfat e , ammonia, nitra t e , pho s phate, 
chloride , a nd iron- - a r e de t e rmined at s ome stations periodica lly, but 
a r e no t included in the t a ble . 
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Table 11-7 
Sampling Stations and Data 
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Photo II- 9. Heavy waste loadings in the Willamette main stem, 
especially during low flows , create a biochemical 
oxygen demand that causes long reaches of the river 
to become oxygen depleted . 

Dis so lved oxygen (DO) is the most fr e quentl y used qualit y param -
e ter and is indicative of ge ne ral c ondi t i ons within a body of water. 
Low dis s olved - oxygen content indicates that the organic and c hemical 
matter i s present in sufficient quantit y t o exe rt a gr ea t e r de mand for 
oxygen tha n can b e replaced b y the natural r eoxygena tion capability of 
the water body . Conc e ntra tions of di ssolve d oxygen g rea t er th a n 100 
pe rc e nt of sa turatio n indicate e ithe r r ecent viole nt physic a l r eoxygena-
tion or photosynthetic oxygen production by algae . The latte r may cause 
great diurnal fluctuation of dissolve d oxygen concentration with an 
upper ex treme of more than 130 percent of saturation . A di ssolved oxy-
ge n c oncen tration near saturation with very little diurnal fl uc tuation 
is most desi rable . 
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Figure II-5 shows ge neralized dissolved oxygen profiles of the 
Willamette River during summer periods of 1929, 1944, and 1963. Fi g ure 
11-6 shows the dissolve d oxygen and temperature i n Portland Harbor for 
the periods May through September, 1967 and 1968. Also shown are the 
flows at Sa l em for the same pe riods. Low di ssolve d oxyge n, low flow,
and hi gh temperature a ll occur a t th e same time. These values repre-
sent daily averages measured by a continuous monitor operated b y the 
Federal Water Pollution Control Administration at Swan Island . During 
winter months, the pulp mills disc harge all wastes, and additional or-
ganic matter is discharged from storm sewers and bypasses from over -
loaded sanitary sewage treatment plants; however, di lu tion. is adequate 
to prevent oxygen de pletion. 

Biochemical oxygen demand (BOD) is a measure of the oxygen-
demanding properties of the o r ganic waste in the water. The BOD does 
not necessarily dep l ete t h e di sso lve d oxygen in a river if the rate 
of natural reaeration is hi g h but, if the stream pools, the r eaera tion 
rate decreases, the BOD is exerted, and the dissolve d oxygen l eve l 
diminishes . Water qua lity objec tives in terms of BOD have not bee n 
es tablished because of the variable effects under differen t stre am 
conditi ons . 
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Bacterial contamina tion of the basin ' s rivers, as measured by coli.-
form d e nsity, has been general and widespread, with many areas having 
counts of over 5,000 organisms per 100 ml (Figure II-7). During recent 
years, bacterial quality has been improve d as a result of the higher 
degree of waste treatment and improve d eff luent disin fection . Reduc-
tions have also resulted from restricting septic tank use to suitable 
areas and expanding sewerage collection sys tems in many communities. 
Maximum densities presented i n Table II-7 show, however, that many areas 
still are subj e ct to gross bacterial pollution. 

Total dis so lve d solids a r e quit e low throughout the bas i n. Dis-
charge of wast es and pollutants has not mat e riall y de g rad e d the mine ral-
free quality of the water. 

Sediment loads a re normally l ow, but are v e ry hig h during periods 
of hi g h streamflow. Se diment is a pollutant in that it adds an eco-
nomic burden to us ers and results in damage to the aquatic e nvironme nt. 

Toxic eleme nts a nd compounds are not normally found in the basin's 
rivers. Ac cide ntal spil l s and improper application of sprays and chemi-
cals do, howeve r, r e sult in infre que nt and localized pollution and fish 
kills. Runoff of oil from streets, ,parking lots, and garages has not 
given rise to critical problems . Oil spil l s in Portland Harbor have 
been det e cted and violators prosecuted under the provisions of the Oil 
Pollution Act. 
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Figure II-7. Coli f orm Density Pro fi le s, Willamette River . 
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W A T E R U S E S AN D 
A N D 

Q U A L I T Y R E Q U I R E M E N T S 
OBJ ECTI VES 

The many uses served by waters of the Willamette Basin are possible 
onl y because high - quality water is availab l e at many locations . Suit-
able water for a ll uses is ob tainable in ample supply at most places; 
however, all us es canno t be served at al l places at all times . The 
most important use--municipal or domestic water supply--has high qual-
ity requirements . The total daily us e of municipal water is nearly 180 
million ga llons, with about 90 percent being us ed in the four major 
centers of population . Approximately 90 perc e nt of the total is sup-
plied from s urfac e sources. 

A gene ral recommendation of l ong standing for municipal water s up -
ply sources is to us e the b es t available source. Water Qua lity Objec-
tives·, published by the Pollution Control Council, Pacific Northwest 
Area, include the following criteria : 

Coli fo rm bacteria . If the supply is to be trea t e d by chlorination 
only, raw water must average l ess than 50 organisms pe r 100 ml in 
a n y month. If the supply is to be g ive n complete trea tment, raw 
wa t e r must average l ess than 2,000 organisms pe r 100 ml ove r any 
consecu t ive 30 days, and not more than 20 percent of samples ex-
ami ned during this p e riod should exceed 2,000 per 100 ml. 

Dissolved oxygen . Greater than 75 perc e nt sa turation- - simple 
chlorination. Greater than 60 pe rc e nt saturation, but l ess than 
75 percent - -complet e treatment . 

pH. Between 6 . 5 and 8.5 . 

Turbidity . Less than five Jackson Turbidity Units (unless natural 
conditions exceed this level) . 

Temperature. Below 60 degrees F (15 degrees C). 

Dissolved inorganic substances. Total dissolved solid s under 500 
mg/1. 

Residues (oils, floating solids, sludge deposits). Below normally 
detectable amoun t s . 

Sedimen t . Be low normally measurab l e amounts in water diverted and 
used with chlorination only. In supplies with complete treatment, 
the load should not interfere with established levels of treatment. 

Toxicants . Conform with U.S.P.H . S. Drinking Water Standards. 

Color . True color less than 15 color units unless natural condi-
tions exceed this value. 

Radioactivity. Conform with U . S.P.H.S. Drinking Water Standards. 
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Industrial wa t e r supply is a major us e with about 180 million ga l-
lons pe r day us e d fo r purpos e s ranging from cooling to food processing. 
The quality necessa r y for these uses varie s. Water used in food pro-
cessing and other spec ial processes has hi gh e r quality requirements, 
in some r es pec ts, than the avera ge municipal supply, while other us es 
r e quire onl y that the water be wet. The most common request by indus-
try i s that r aw water quality remain constant. Almost any adve rs e 
qualit y condition can be corre cted, but wate r which is re l atively free 
of minerals and solids and which has a pH of 7.0 to 8.0, with a tem-
pe rature of less than 70 degrees F, is most desirable. 

Wate r-based r e creation such as bathing and swimming has high qual-
ity r e quireme nts . There a r e presently about 230 public wate r-based 
r e crea t ion sites in the basin. The most significant r e quireme nts are 
tha t the bacte rial content b e low so as to safeguard against diseas e 
transmission, a nd that the water b e aesthetically pleasing . The Pollu-
tion Control Council, Pacific Northwest Area , in November 1966 speci-
fied that coliform b a cteria should: " Average less than 1,000 per 100 
ml with 20 percent of the samples not to exceed 2,400 pe r 100 ml. Clear 
water lakes and uppe r areas of streams should average less than 240 per 
100 ml and not exceed this in more than 20 percent of samples." 

Photo II-1 0. Spor t fi shermen enj oying an outing along the Willamette 
River . 
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The basin's rivers support an important fishery. The sports fish-
e ry accounts for approximate l y one million angler-days annually . Salmon 
and steelhead contribute to the commercial and sport fishery in the 
Columbia River and the Pacific Ocean. Quality requirements vary with 
types of fish and seasonal activi ty. Water quality objectives estab -
lished by the Pollution Control Council for fisheries are as follows :

Bacteria. Same as that for r ecreational use to protect associat e d 
recreational values. 

Dissolved oxygen. Range from 75 percent saturation at diurnal and 
seasonal lows to 100 percent saturation during spawning , hatching , 
and egg sac and swim -up fry stages, and when water temperature s e x -
ceed 68 degrees F for cold-water fish and 85 degrees F for warm -
water fish. 

Temperature. More critical than for other uses, with objectives 
of 65 and 85 degrees for cold-wate r and warm -water fishe s, r e spec-
tively, and 55 degrees during fall spawning . 

Photo II- 11 . The Leaburg Trout Hatchery on the McKenzie River 
r equir es water of high qua lity. (Cor ps of Engineers, 
Por tland, Or egon, Photo ) 

Othe r uses of importance with certa in quality requirements include 
those related to a g riculture. Water for s tock, irrigation of crops for 
human consumption, and general farm use should mee t the bact e rial obj e c-
tive s e t for bathing waters. Other objectives are e asily me t b y nearly 
every basin stream. 
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S U B B A S l N A N A L Y S E S 

The effects of water quality levels on water uses and problems 
resulting from the conflict between the water quality available and 
that required are presented by subbasins and by the main stem of the 
Willamette River. This presentation is limited to 1965 conditions 
and uses. 

COAST FORK SUBBASlN 

The Coast Fork Willamette and its tributaries are a production 
area for salmon and trout, and a source of municipal water supply for 
the City of Cottage Grove. The municipal intake is located in the 
headwaters where the natural quality is excellent. Recreational use 
of the watershed is large, with recreational use of Cottage Grove and 
Dorena Reservoirs being particularly heavy. 

Photo II-12. Cottage Grove Dam on the Coast Fork of the Willamette 
River . (Corps of Engineers , Portland, Oregon, Photo) 
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Above Cottage Grove, the river is of good quality, but downstream 
the effects of waste discharges are noticeable. Increased BOD and bac-
terial densities are attributable to the waste discharges. Bacterial
levels often exceed established standards for water-contact recreation; 
aesthetic values are diminished by the waste discharges; algae are 
stimulated by nutrients. Gravel washing results in high s e diment loads 
at times, as does runoff from recently logged forest areas. The two 
Federal reservoirs in the basin, Cottage Grove and Dorena Dams, have 
little effect on water quality. 

Programs are under way for improving waste treatment facilities, 
both by municipalities and by ripar i an dwelling owne rs. 

MIDDLE FORK SUB BASIN 

The Middle Fork Willamette River provides spawning and habitat 
area for both anadromous and resident f i sh. Salmon spawning occurs as 
far upstream as Dexter Dam, which forms a block to further mi gration, 
and trout are produced throughout the river system. Boating is par-
ticularly prevalent on Dexter, Lookout Point, and Hills Creek Re ser-
voirs. The communities of Oakridge and Lowell obta in their wa ter s up-
plies from surface waters of the Middle Fork Subbasin. 

Municipal and industrial waste loads are centered at Oakr i dge, 
where treated effluent equivalent to about 2,400 population equivalents 
(PE) of the subbasin total of 2,700 PE is discharge d. Over hal f of 
the total discharged load comes from the Oakridge municipal treatment 
plant. This facility is being modified to provide secondary treatme nt, 
which will substantially reduce the waste load. The pollution l oads 
to the Middle Fork have little effect on the qua lity of the r ive r, and 
uses are not impaired. There are no major water supply withdrawals be-
l ow the Oakridge diversion on Salmon Creek. 

Runoff from areas of new road construction or from are as recently 
logged contributes to the sediment load. Stable summer fl ow ca rrie s 
very little sediment, but each significant rainfall is accompanied by 
increased turbidity and sediment load in the stream. 

The four Federal reservoir projects in the subbasin--Hills Creek, 
Lookout Point, Dexter (re-regulation), and Fall Creek--have had some 
effects on water quality. Turbidity problems exist in the f irst three 
reservoirs with excessive algal growths constituting the major source 
of turbidity in Lookout Point and Dexter. Algal growths in the r e ser-
voirs have an apparent effect, but have not been s pecifically ident i -
fied beyond probable taste problems in fish in the lower par t of the 
river. During 1966, releases from Fall Creek Reservoir caused a fish 
kill, apparently as a result of low dissolved oxygen and the presence 
of hydrogen sulfide in the released water. Similar but less severe 
problems occurred in 1967. However, no fish kill resulted. 
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McKENZIE SUBBASIN 

The McKenzie River is uniquely important in that it provides at 
least half of the spring Chinook salmon-spawning activity in the 
Willamette Basin. The river also· sustains a splendid trout fishery, 
and its watershed consists almost entirely of thick forest which con-
stitutes a prime scenic and recreational resource. This resource is 
heavily used, and the recreational needs must be considered to be as 
relevant towards quality criteria as those of the City of Eugene and 
of the Weyerhaeuser pulp mill at Springfield. 

Blue River Reservoir and the Eugene Water and Electric Board's 
Carmen- Smith and Leaburg projects do not significantly affect water 
quality. Cougar Reservoir has adversely affected salmon runs because 
of the extremely cold water released from late spring through the fall. 

Bacterial densities of 700 per 100 ml occur in the river above 
Springfield. There are no sewered communities in the upper reaches, 
but watershed developments such as recreation, rural dwellings, agri-
culture, and other land uses contribute to the bacterial load in the 
river. 

Installation of sewers in the Springfield fringe areas and county-
imposed building restrictions are helping to control pollution from 
these sources. The City of Eugene and the Weyerhaeuser Company both 
rely upon the McKenzie River as a water source. Their withdrawal 
points are near Springfield, with Eugene's at Hayden Bridge and Weyer-
haeuser's several miles above that point. Recreational activities 
have not been restricted in the past, and the river is a "clean river." 

Weyerhaeuser Company's integrated forest products plant at Spring-
field discharges about 20,000 PE daily, principally from the unbleached 
sulfate .pulp mill. This mill has very low chemical and fiber loss 
rates because of careful in-plant control. Existing treatment measures 
include sedimentation basins, an aerated lagoon, and sprinkler applica-
tion of strong wastes to land during suitable climatic periods. The 
discharge of pulp mill wastes below Springfield results in somewhat 
lowered dissolved oxygen concentrations (down to 88 percent saturation). 
In the past, discharged wastes have caused aesthetic problems and com-
plaints of odors in the lower reach of the river, have stimulated slime 
growths, and have damaged the fishery; and recreation and riparian-
dwelling values have been diminished as a result. Recent progress in 
treatment and disposal of these wastes has done much to alleviate inter-
ference with downstream water use. 
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LONG TOM SUBBASIN 

Cutthroat trout are found in the upper reaches of the Long Tom 
River; and Fern Ridge Reservoir, which supports over 300,000 visitor-
days of use per year, experiences the highest density of swimmers and 
boaters per surface acre of any major water body in Oregon. The reser-
voir, a few miles from Eugene, has been a major recreational attrac t ion 
for many years; and the growing population of Eugene, spreading west-
ward, may be expected to exert even more demand on the recreational and 
aesthetic resources of Fern Ridge Reservoir, and the Long Tom River as 
well. The Long Tom is also more heavily used for irrigation than other 
Upper Subarea tributaries. 

Fern Ridge Reservoir inflow is minor during the summer months, 
and the large, shallow rese rvoir has prolific algal production and bot-
tom sediments which are kept in suspension by agitation from wind, 
boats, and bottom-feeding fish. Even with the poor aesthetic quality, 
the recreational us e of this reservoir ranks among the highest in the 
Willamette Basin. 

Photo II-13. Heavy recr eational use by the nearby residents of the 
Eugene -Spr ingfield Service Area occurs on Fern Ridge 
Reservoir . (Corps of Engineers, Portland, Oregon, Photo) 
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Natural turbidity, high summer temperatures in the lower river, 
and noticeable algal blooms lessen the attractiveness of the Long Tom 
River for many purposes. 

Below Monroe there is a demand for water for irrigation and re cre-
ation, but the quality limits its us e to irrigation. 

SANTIAM SUBBASIN 

The major streams in this subbasin are the North Santiam, South 
Santiam, Santiam, and Calapooia Rivers. 

Both the South Santiam and Calapooia Rivers provide spawning areas 
for anadromous salmonids, and serve as a habitat for resident trout. 
The Calapooia is the water supply source for Brownsville. The South 
Santiam is subject to extremely heavy drafts for municipal supply pur-
poses, serving Albany, Lebanon, and Sweet Home. Limited irrigation 
and stock-watering use is made of the South Santiam. These functions 
are important uses of the Calapooia. 

The Calapooia River is of acceptable quality. No major uses are 
restricted by pollution. Records show bacterial concentrations of 600 
per 100 ml during the summer season . In addition to serving as a water 
supply, the river is used for recreation at numerous small areas and 
for irrigation. The river runs through agricultural land used for 
grazing as well as for crops; total bacterial control is not presently 
practical. 

The South Santiam River above Lebanon is of good quality, with no 
restriction of use resulting from pollution. Sweet Home, Lebanon, and 
Albany rely upon the South Santiam River as a source of water; the 
withdrawal points are at Sweet Home and just above Lebanon. In a five-
mile reach through the Lebanon area, the river receives waste effluents 
from the City of Lebanon and the Crown Zellerbach mill . The mill has 
recently installed secondary treatment facilities, and water quality 
conditions have improved markedly. 

In the case of both the Calapooia and the South Santiam, however, 
low summer water quality in the lower reaches constitutes a severe con-
straint upon supportable populations; in the case of the Calapooia, 
temperature is the main limiting factor; with the South Santiam, the 
limiting effects of unsuitable temperature are aggravated by periodic 
oxygen deficiency. Nei ther stream offers a broad recreational appeal, 
but the South Santiam's opportunities for bankside recreation would be 
expanded if the floating materials, slimes, and sludges were reduced 
or eliminated. 

The North Santiam River, with quality and appearance materially 
exceeding those characteristics of other streams in the area, is in-
tensively utilized for quality-demanding water uses. As a recreational 
resource, in particular, the North Santiam is very intensively used--
partially because suitable alternative sites for water-based recreation 
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Photo II- 14 . The North Santiarn River in this reach demonstrates the 
features of a river eminently suited for the maintenance 
of anadromous and resident game fish . (Oregon State 
Water Resources Board Photo) 
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are lacking. The focus of this recreational activity is Detroit Reser-
voir, whose annual use--by boaters, swimmers, fishermen, and others--
exceeded a half-million visitor-days for the last three years. The 
North Santiam has a prime habitat for resident and migrant salmonid 
fish, ranking below only the Clackamas and McKenzie Rivers among the 
waters of the Willamette Basin in its production of trout and salmon. 
The North Santiam drainage also provides the water supply for the Salem 
area, as well as for Stayton, Gates, Lyons, and Mill City. Use of the 
river as a source of water supply for Salem and smaller communities is 
not restricted by pollution, nor are other uses. 

The Santiam River below the confluence of its major tributaries 
is only about 12 miles long and is made up primarily of flow from the 
North Santiam during summer months, although the effects of the South 
Santiam are noticeable. Bacterial densities of 7,000 coliform organ-
isms per 100 ml are reported at the I-5 highway bridge crossing, and 
dissolved oxygen concentrations of over 110 percent are recorded. The 
primary uses in this reach are for irrigation, fisheries, and recrea-
tion. A state park is located at the bridge crossing, but recreational 
use of the river at this point should be limited to fishing, since bac-
terial concentrations exceed standards for water-contact recreation. 
Remedial measures recommended by the Oregon State Sanitary Authority 
for the South Santiam are correcting the situation and will make all 
uses possible. 

Other activities have little adverse effect on the water quality 
of subbasin streams. Food-processing wastes are handled either by the 
processor or by municipal plants. Several canneries dispose of their 
wastes on land and thereby achieve virtually 100 percent effectiveness. 
Turbidity and sediment are seasonal problems, caused by runoff carrying 
sediment from construction sites and areas recently logged. 

The Federal reservoirs--Detroit, Big Cliff, Green Peter, and 
Foster--have generally improved the quality of the subbasin's waters. 
Fisheries biologists have indicated, however, that water in Detroit 
and Big Cliff is somewhat colder than desirable for optimum fish de-
velopment below the dams. 

COAST RANGE SUBBASIN 

The tributary streams of the subbasin are relatively small and 
subject to great seasonal fluctuation, with nearly total water deple-
tion occurring during the summer months. The nature of the streams 
and their ina dequacy as water sources have precluded substantial de-
velopment along them, and no major waste loads occur. Little atten-
tion has been given to thes e streams other than to prevent gross 
pollution in their lower reaches. Bacterial contamination is present 
in the lowe r reaches of these streams, where they run through communi-
ties and agricultural lands; densities range from 2,300 to 7,000 organ-
isms per 100 ml. Temperatures approach 77 degrees F, and depression 
of the dissolved oxygen level exists in the sluggish streams. Suita-
bility of the streams for water supply, recreation, and fishery use 
is restricted by both lack of flow and pollution. Communities along 
these streams rely upon wells, springs, and upland tributaries for 
water supply. 
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The Yamhill River supports both resident and anadromous salmonids 
in its upper reaches, but in the summer high water temperatures in the 
lower reach make much of it unsuitable for the more desirable game 
fish. There are several public parks and boat-launching facilities 
alon g the lowe r Yamhill; use of these facilities for water-contact 
spor ts is not practicable because of high bacterial concentrations . 
Turbidity, floating materials, and algae make this reach unappealing 
for recreation. Irrigation and stock watering are signi ficant uses 
of the river. 

The major load in the Yamhill River system is at McMinnville on 
the South Yamhill. Approximately 2,600 PE are discharged from the sec-
ondary plant. Minor loads also enter the South Yamhill at Sheridan and 
Willamina . Less than 500 PE are discharged to the North Yamhill b y 
Carlton and the Yamhill Labor Camp. Lafayette c ontributes about 100 
PE to the Yamhill River from an oxidation pond. 

Uses which can be served by the smaller tributaries--Marys River, 
Luckiamute River, and Rickreal l Creek--are sharply limited by low sum-
mer flows and high temperatures. Rainbow and cutthroat trout and a 
limited number of coho salmon utilize the streams, though summer condi-
tions which limit them to headwaters restrict supportable populations. 
Recreational use is generally curtailed by low flows and turbidity, 
although some portions of Marys River r eceive substantial re c reational 
use. Rock Creek, a tributary of Marys River, provides the Corvallis 
water supply, except during the summer when the city uses water from 
the Willamette. 

Marys River receives only about 200 PE from the secondary treat-
ment plant at Philomath. Other wastes are from land runoff and small 
sawmills. The Luckiamute River does not receive any municipal wastes. 
Rickreall Creek serves as a water supply for Dallas, and the Luckiamute 
drainage provides a water supply for Monmouth . Irrigation and stock 
watering are important functions in all three drainages. Rickreall 
Creek receives 1,260 PE from the secondary treatment plant at Dallas. 
No other major wastes are discharged. 

PUDDING SUBBASIN 

The Pudding-Molalla system is a habitat for most salmonid fish spe-
cies found in the Willamette Basin. The Pudding offers trout and coho 
salmon, and the Molalla includes chinook salmon, steelhead, and trout. 
Recreational use of the rivers is moderate, due to the sparse local 
population . Recreational use is increasing, however, due to demand by 
individuals from the Portland area. Moderate irrigation and stock-
watering withdrawals a re also made from both the Pudding and the 
Molalla . 

The Molalla River above the Pudding River does not receive wastes 
of any magnitude and is of good quality, with no use restrictions. 

The major water quality problem in this subbasin occurs in the 
Pudding River , which drains a highly developed farming area. Extremely 
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low flows in summer, coupled with low velocity and brush-choked chan-
nels, further contribute to making it a low-quality stream. Food-
processing wastes are the primary source of nutrients that have trig-
gered massive algal blooms, causing extreme diurnal fluctuation of 
dissolved oxygen. Dissolved oxygen concentrations of 160 percent of 
saturation occur during the day at the lower end of the river, with 
corresponding values of approximately 50 percent saturation during the 
early morning hours. Municipal wastes in the subbasin receive second-
ary treatment; however, these effluents aggravate the problem of algal 
growth in the Pudding River. No existing uses are impaired, but the 
river is not desirable for any use requiring aesthetic desirability 
or stable conditions. 

The Birds Eye food-processing plant at Woodburn, with raw wastes 
of 42,000 PE daily, treats these discharges in an oxidation pond and 
by application on 150 acres of land. The pond effluent stimulates pro-
fuse algal and slime growths, which cause diurnal dissolved oxygen 
fluctuation from 60 to 160 percent. 

TUALATIN SUBBASIN 

The upper reaches of the Tualatin River support a substantial sal-
rnonid fishery; however, anadrornous fish must pass through a reach of 
the lower main stern where extremely low dissolved oxygen concentrations 
and high water temperatures occur in the summer. These conditions have 
severely reduced fish runs, and have virtually eliminated the resident 
salmonid fishery in this reach. The Portland Service Area occupies 
much of the subbasin. Not only are the aesthetic values of the stream 
destroyed by nuisance aquatic growths, but swimming and other water 
sports are being curtailed each summer because of the high bacterial 
concentration that accompanies depressed streamflows. Irrigation is a 
significant water use in the Tualatin Subbasin and is expected to in-
crease. 

The poor quality of the Tualatin River and most of its tributaries 
in the urbanized portion of the subbasin results from diversion of flow 
for irrigation and other uses, and from discharge of waste effluents 
into receiving streams with very little flow. As a result, these 
streams are suitable for only low-quality uses. Recreation areas have 
been put out of business by poor water quality and low-flow levels un-
suitable for swimming, and communities have to go considerable dis-
tances for water supply. Portions of the watercourses are subject to 
gross pollution on an annual basis. 

Municipal wastes discharged from 20 treatment plants to the 
Tualatin River and its tributaries average about 16,000 PE daily, with 
seasonal peaks of over 50,000 PE. Both values reflect the results of 
more than 85 percent effective treatment. Industrial wastes with sepa-
rate discharges add an additional 1,500 PE to the load imposed on the 
river. Other land uses, particularly agriculture and irrigation, re-
sult in contributions of nutrients, sediment, and toxicants to the 
river. The amounts and damages have not been identified. 
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A Federal storage project at the Scoggins Creek site has been 
authorized for construction by the Bureau of Reclamation. A recommen-
dation of the Federal Water Pollution Control Administration that stor-
age be provided for non-reimbursable quality control releases did not 
receive favorable action in Congress. Reinclusion of the water quality 
function is now being investigated by the agencies involved. 

CLACK.AMAS SUBBASIN 

The Clackamas River is used extensively for water supply, power, 
salmonid fish production, and water-based recreation of all types. 
Currently, the communities of Oregon City, West Linn, and smaller areas 
supplied by water districts obtain municipal supplies from the Clackamas. 
Lake Oswego is currently constructing facilities to also use the river 
for its supply. Future municipal demands in the Lower Subarea may 
necessitate additional development of supplies on the Clackamas because 
of its excellent quality and the absence of waste discharges to the 
stream. As a spawning and r earing area for salmonid fish, the Clackamas 
is second only to the McKenzie in the e ntire Willamette Basin. The 
Clackamas watershed is probably more intensively used for sport fishing 
and camping than any other in the basin because of its proximity to the 
Portland urban area . 

There are no major problems of either water quality or pollution 
in this subbasin . There are occasional complaints that affect only a 
small area and one or two people. Occasional serious turbidity has re-
sulted from gravel removal and washing. This condition has improved 
in the last two or three years, but the problem has not bee n resolved 
completely. The subbasin has historically been an area of high-quality 
water, and activities that would change this have been restricted. 

Municipal waste from Estacada and Sandy reaches the Clackamas River 
after secondary treatment reduces the load to an aggregate of 390 PE. 
No industrial wastes in significant quantities are discharged to the 
Clackamas River . Restriction of waste discharge to the river has been 
imposed through the years because it is a major source of water supply, 
recreation, and fishing. 

SANDY SUBBASIN 

Similar to the Clackamas in many respects, the Sandy River pro-
vides the same water uses . The Sandy has more recreational development 
than the Clackamas, however. Two state parks--Dabney, and Lewis and 
Clark--have an annual attendance of well over a half-million visitor-
days and show continually increasing trends. The subbasin contains the 
largest single water supply development in the entire Willamette Basin--
the Bull Run Reservoir complex, which supplies Portland. There are no 
problems of water quality or pollution in this subbasin. The excellent 
water quality serves to promote all water uses rather than inhibit them, 
as in the rest of the Lower Subarea. The river supports good populations 
of chinook and coho salmon, steelhead trout, and resident trout. 
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COLUMBIA SUBBASIN AND MAIN STEM 
WILLAMETTE RIVER 

Uses of the upper reach of the Willamette River include salmon pas-
sage, a minor amount of salmon spawning, fish habitat, fishing for resi-
dent game fish, and bankside recreation. Swimming and other types of 
water-contact recreation are limited by the excessive bacterial concen-
trations that occur in the river below Eugene. However, its proximity 
to a large urban population and the existence of bankside recreation 
areas result in frequent summer use by swimmers. As in the case of the 
Long Tom River, considerable water is used for irrigation and stock 
watering in the agricultural lowlands below Eugene. 

The water quality changes throughout the length of the river and 
seasonally. The dissolved oxygen level in the river generally lessens 
along the way to Portland, and the bacterial densities increase. The 
bacterial quality at Springfield is relatively high, with densities 
ranging from below 100 to 6,000 organisms per 100 ml. Swimming and 
fishing are the major uses affected, as well as the aesthetic value. 
Visual degradation in the form of sediment and silt from gravel-washing 
operations, along with color from raw vegetable wash water, has been 
the basis of complaints by residents of the area. 

Discharge from the Eugene and Springfield sewage treatment plants 
in the seven-mile reach below Springfield causes an increase in bacte-
rial contamination, BOD, and a slight reduction in dissolved oxygen. 
Recreation and fishing uses are now restricted by the water quality in 
this reach. 

The main stem of the Willamette River within the Long Tom Subbasin 
receives significant amounts of waste from both municipal treatment 
plants and industrial sources. The average daily load discharged by 
Eugene and Springfield is only about 31,000 PE, but during the canning 
season peaks of 280,000 PE are reached. Some of these wastes are dis-
charged directly to the river. Present corrective action includes en-
largement and improvement of the secondary plant at Eugene; and 
Junction City and Harrisburg are now providing secondary treatment. 
Industria l waste loads from plants providing their own treatment are 
minor in this r each, since most industrial wastes are treated by munici-
pal facilities. 

The most obvious degradation of natural quality in this reach is 
caused by gravel washing, which contributes a visually apparent sedi-
ment load. Discharges of wash water, and bottom and bank disturbance 
at gravel-removal sites are r eadily apparent from the confluence of 
the Coast and Middle Forks to the mouth of the Long Tom River. The 
amount of sediment discharged and its economic damage have not been 
identified. 

At Harrisburg, about 20 mi les below the Eugene treatment plant, 
the quality is relatively stable and suitable for most uses, except 
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Photo II- 15 . The main stem Willamette River at Wil sonville . 
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those limited b y poor bacterial quality . Coliform densi t ies of 70,000 
per 100 ml indicate that the wate r is undesirable for any use involving 
wa t er contact. 

The middle reach of the Willamette River is a passageway for 
mi g rant fish and a h abi tat for resident species. Recreational use of 
the middle Willamette includes wa ter- con tact activities as well as 
boating, fishing, and bankside p ursuits . The recreational poten t ial 
of the main stem is particularly important, in view of the limited 
availability of wate r recreation sites on nearby tribut a ries. Other 
uses of the middle Wil l amette include navigation and irrigation , which 
are economically significant but which have limited quality nee ds . 

At the present time, Corvallis and Adair Air Force Bas e are the 
only communities drawing water from the Willamette; future g rowth may 
make it increasingl y necessary fo r other communities a l ong the river 
to turn to the Willamet te for water supplies. It is, in any case, the 
most convenient source . 

Corvallis supplements its normal water supply during summer months 
by diversion from the Willamette River just above the city . The b acte-
rial quality at this point is not completely satisfactory, so that extra 
care in treatment must be t aken to assure a safe supply . Tastes and 
odors associated with heavy algal blooms in the raw water require 
periodic use of activate d carbon . The Corvallis treatment faci lity, 
cur rently discharging a load of 30,700 PE, is being expanded to provide 
secondary treatment. 

Albany discharges its wastes to the Willamette River, with peak 
loads of about 48,000 PE . The average daily load discharged is only 
a bout 7,600 PE, but foo d-pro cessing wastes during the harvest season 
grossly overload the existing facilities . A secondary treatment plant 
wi th adequate capacity is under construction. 

The Western Kraft pulp mill in Albany discharges about 15,000 PE 
of pulp mill was tes dai l y to t he Willamette River durin g the s ummer . 
Two earthen ponds provide primary settling with 24-hour waste detention 
before discharge. Wastes from the unbleached kraft pulp mill ad d to 
the other pollutants that influence the quality of the Willamet te River 
below Albany. 

The municipal waste load con tr ibuted to the river b y the City of 
Sa l em is approximate ly 26,000 PE dail y . Present treatment faciliti es 
are adequate. 

A large industrial waste load, from the Boise Cascade calc ium-b ase 
sul fite pulp and paper mill at Sal em, is dis charged directly to the 
Willamette River most of th e year . During the summer season these 
wastes are temporarily held in two lagoons with a combined capacity of 
150 million gallons; raw wastes estimated at 800,000 PE are reduced to 
a discharged loa d of abo ut 60,000 PE . The mill was ordered by the 
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Oregon State Sanitary Authority to provide re covery systems an d pri-
mary treatment . 

The Publishers ' Paper Company plan t at Newberg, which produces 
unbleached sheet pulp, also uses temporary storage lagoons for waste 
reduction durin g the summer low-f l ow periods . Raw waste production 
of about 77 4 , 000 PE is reduce d to 85 , 000 PE b y diverting strong liquor 
to two storage lagoons with a total capacity of about 200 million gal-
lons . The mill was ordered by the Oregon State Sanitary Authority to 
install adequate solids and fiber recovery systems, and primary treat -
ment facilities. 

At Willamette Falls, the dissolve d oxygen level is about 65 per-
cen t of sa turation and is suitable f or use by the t wo pulp mills at 
the falls . 

In t e rms of quality needs, the principal water use of the Lower 
Willamette River, or Portland Harbor, is fo r passage of migrato r y fish 
to the tributary spawning and re a ring areas up stream . F rom June 
through September, oxygen levels in the harbor fall below anadromous 
salmonid r e quiremen ts, and thus inhibit the passage of these species . 

The lower Willame tte is also us ed extensively for navigation--both 
by large commercial vessels and by tugs moving r afte d logs . Because of 
bacterial pollution throughout this s tretch , the r e is only limite d 
water-contact recreation, although some water skiers us e the st r eam . 
As a source of muni cipal water supply, the lower Willamette has tradi -
tionally b een bypassed by adjacent communities in favor of wate r from 
protected supplies, in spite of higher t r ansmission costs. 

The waste load in this reach de pletes the dissolved oxygen supply 
during p e riods of low flow, wi th leve l s as low as 33 percent of satura-
tion being c ommon. The water is physically , bacteriologically, and 
aesthetically undes irable in this reach. The residen t fish survive 
only with difficulty, and up- or downstream seasonal migration of sea-
run fish has been seriously inhibited. 

Publishers' Paper Company at Oregon City operates a sul fi t e p aper 
mill, and a refine r and stone groundwood mill. A conversion progr am 
changing the sulfite process to magnefite is now comple t e . A s ubst an-
tial decreas e in wastes will result from this conve rsion and from chemi-
cal recove ry. The re c overy facilities a r e sche duled to begin function-
ing in December 1969 . 

The Crown Zellerbach Corporation pulp a nd paper mill at West Linn 
produces paper products from a calcium-base sulfite pulp mill, and a 
stone and refiner gro undwood pulp mill. About one -half of the efflu-
en t, car r ying about two-thirds of the se ttleable solids, is diverted 
to a pr imary settling tank for solids separ a tion. A 75-million-gallon 
temporary holding lagoon r eceives the st r ong waste during the low-flow 
season. 
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Photo II- 16 . Visible e f fluent from pulp and paper mills offends, while 
discharge of raw waste from shipping in the river escapes 
public awar eness . 
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Small industries contribute some organic matter and are potential 
sources of toxicants, oil, grain cleanings, and other harmful materials. 

Municipal waste at Oregon City is discharged into the Willamette 
River after secondary treatment . No particular problem is created by 
this discharge, except that the detergent foam caused by the discharge 
has detracted from aesthetic appearances. 

Below Oregon City, wastes totaling about 7,200 PE from seven 
municipal treatment plants are discharged to the Willamette River and 
tributaries of the Columbia Subbasin. An additional load of raw sew-
age, estimated at 28,000 PE, is discharged from private and public 
sewers along the waterfront in Portland. These wastes are being re-
duced significantly each year . 

Below the falls and through the Portland Harbor reach, nearly all 
of the area is urbanized, and the runoff carries sand, gravel, soil, 
toxic garden chemicals, oils, animal waste, and other organic litter 
through the storm sewers to the river. Since most of the storm-sewer 
flow occurs during higher river flows, adverse quality effects are not 
readily apparent, but sediment deposited below storm-sewer outfalls, 
for example, must be dredged from the harbor about every third year. 

Although the total organic and bacterial loads are not known, with 
but rare exception all ships, small craft, and houseboats discharge raw 
sewage to the river . Other, minor amounts of waste material result 
from maritime activities, but only oil spills have been specifically 
identified as problems. 
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Photo II- 17 . Raw waste is discharged from houseboats such as these at 
several locations in the lower Willamette . 
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FUTURE DEMANDS 

The f ut ure demand for water qua l ity control and management is 
related to the procedures, both physical and institutional , necessar y 
to assure that water quality is suitable for recognized beneficial 
water uses . Thus, this "demand" is somewhat different from future 
"needs" as applied to quantities of water required to satisfy a given 
use, such as municipal and industrial water supply or irrigation. 
The quality to be maintained to allow future use must be evaluated in 
terms of the us es to be protecte d or enhanced . The demands for wate r 
pollution control a r e , therefore, direc tly influenced by use-oriented 
water quality objectives. Such objectives have now been established 
for the Willamette Basin by the Department of Environmental Quality 
(DEQ). 

While the Federal Wa ter Pollution Control Act, as amended in 19 65, 
requires that water quality standards be established for the tidal 
stretches of the Willamet te, the State of Oregon has adopted water 
quality standards covering the entire Wi llamette Basin . Special water 
quality standards have been established for Multnomah Channel and for 
the Willamette River. General standards applicable to the remaining 
public waters of the basin have also been formulated. Excerpts from 
"St andards of Quality for Public Waters of Oregon" appropriate to the 
Willamette Basin are presented in the addendum . 
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W A S T E P R O J E C T I O N S 

The present water quality situation is summarized b y major wa t e r-
service areas and by subbasins within the Upper, Middle, and Lower Sub-
areas to facilitate comparing and projecting future pollution control 
needs. The major water-service areas are groupings of communiti e s and 
industries within a common sphere of influe nc e , which constitut e a c om-
mon source of pollution. They are amenable to, and are e xpec te d t o be 
the c e nte r of, regional planning and develo pme nt. The four ma jor wa t e r-
s e rvice areas (Figure II-1) include the Euge ne-Springfield are a, the 
Albany-Corvallis area, the Salem area, and t he Portland area . Toge the r, 
the y contain 80 perce nt of the total Willame tte Basin populati o n and 
95 p e rce nt of urb a n and incorporated place s. 

Wa ter quality in the Willamette Basin will continue to b e pr i ma r i l y 
affe cte d by municipal and industrial wast e s. Future water quality man-
agement needs are det e rmine d, in large part, by the magnitude o f such 
future wa st e production. Projections o f r a w wa ste production have bee n 
made b y utilizing popula tion and economic data f rom Appendi x C--Economi c 
Base--with the exc e ption of data pertaining t o the pulp and pa pe r indus-
try, which wer e t a ken f r om the Columbia-No rth Pac i f ic Study . Popula t ion 
projections are shown in Table III-1. The pro j e ctions o f r aw waste pro -
duction are given in population e quivalent s (PE ) for the years 1 980 , 2000, 
and 2020 in Table III-2. The municipal pro j ections include the pro j ec ted 
population plus an additional 25 percent to incorporate the effec ts o f 
small commercial establishments and othe r urban activities whi ch a dd to 
the municipal waste load. The rural-domestic waste production i s pro-
jected as equal to the rural population. I ndustrial waste pro duc tion is 
estimated for pulp and paper, lumber and woo d products, food product s , 
and other manufacturing industries by s ervi ce a r e a and subb a sin wh e r e 
appli cable. For these industries, future waste production is de t ermine d 
by multiplying the pre sent raw waste loa ds by a growth index . Th e g rowt h 
i nde xes are shown in Figures III-1 and III-2 for each subarea f or the 
years 1980, 2000, and 2020. 

1965 

I 

Fi gure III- 1 
Growth Indexes f or Lumber and Wood Products,

and Pulp and Paper . 
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Table III - l 
Population Growth , by Subarea 

and Service Area 
1980 2000 2020 1980 2000 2020 

UPPER SUBAREA 198 , 000 282 , 500 390 , 000 564 , 000 Coast Range and Pudding 22 ,000 25 , 200 28 , 300 25 , 900 
Munic i pa 1 149,300 229,400 338,500 516,700 Rural - Domestic 22 , 000 25,200 28,300 25,900 
Rural - Domestic 48,700 53,100 5 l, 500 47,300 

Coast Range 48,900 53 , 700 59,400 70 100 
Eugene-Springfield Municipal 3 l , 300 36,800 45,200 57,800 

Service Area 143 300 212,400 301,500 438 900 Rura l - Domestic 17,600 16,900 14 , 200 12,300 
Municipal 131,300 198,700 288,000 426,500 Pudding 50 , 600 59 900 66,300 75,700Rural - Domestic 12,000 13 , 700 13,500 12,400 Municipal 25 , 800 37,530 47,100 58 , 700 

Long Tom 15 , 600 20 , 200 25 , 600 35 900 
Rura 1-Domestic 24,800 22,370 19,200 17,000 

Municipal 4, lOO 7, 500 l3, 300 24,700 
Rural - Domestic 11,500 12,700 12,300 11,200 LOWER SUBAREA 811 ,000 1 , 047 , 300 1 476 000 2 , 298 ,000 

Municipa 1 750,200 959,200 l,352,500 2, l l 7,800 
Coast Fork 19, 000 22 , 900 29 , 200 40,800 Rural - Domestic 60,800 88,100 123,500 180,200 

Municipal 7 ,600 ll , 500 18,100 30,600 
Rural - Domestic ll ,400 ll,400 11,100 10,200 738, 500 939,200 l , 320 , 20Q_ 2,065 500 Portland Service Area 

Mun icipa 1 738 , 500 939,200 1 , 320,200 2 ,065,500 
McKenzie 6 , 900 10,200 11 , 600 15,000 

Municipal 1,100 3,800 5,800 10, 700 Tua l a tin 46 , 500 74 300 110,000 _!i!5 , 900 
Rural - Domestic 5,800 6,400 5,800 4,300 Rural-Domestic 46,500 74,300 110,000 165,900 

Middle Fork l3 , 200 16,800 22,100 33,400 Clackamas 17,900 22 ,400 29 400 42 , 000 
Municipal 5,200 7,900 13 , 300 24,200 Municipal 5,800 11,100 18,700 31,100 
Rura 1-Domestic 8,000 8,900 8,800 9 , 200 Rural-Dome stic 12,100 ll , 300 10,700 10,900 

MIDDLE SUBAREA 329 , 900 437,700 556 , 000 729 000 Columbia 2 , 300 3,100 4,800 8,000 
Municipal 2 , 300 3, lOO 4,800 8,000 Municipal 237,000 347,030 473,700 656 , 700 

Rural - Domestic 92 , 900 90 , 670 82 , 300 72,300 Sandy 5 , 800 8 , 300 ll , 600 16,600 
Municipal 3,600 5 , 800 8,800 13,200 A lbany-Corvallis Rural - Domestic 2,200 2,500 2,800 3,400 Service Area 63 , 300 98 700 143,500 210 , 500 

Munic ipa 1 63,300 98, 700 143,500 210,500 
TOTAL WI LLAMETTE BASIN 1,338,900 1 , 767 , 500 2,422 , 000 3 , 591 , 000 Sa l em Service Area 107 000 160 , 700 222 , 500 311 , 600 Munici pal 1,136 , 500 1,535,630 2,164,700 3,291,200 Municipal 107,000 160 , 700 222,500 31 1 ,600 Rural-Domestic 202 ,400 231,870 257,300 299,800 

Santiam 38 , 100 39 ,500 36 , 000 35 , 200 
Municipal 9,600 13,300 15,400 18,100 
Rural - Domestic 28,500 26 , 200 20,600 17,100 



Figure III- 2. Growth Indexes f or Food Products and Manufac t uring . 

Municipal, industrial, and rural-domestic raw waste production es ti-
mates for 1980, 2000, and 2020 are presented in Table III-2. The pro-
jected raw waste loads are expressed in population equivalents to relate 
different waste sources to a common bas e . This e quivale nc y applies only 
to the oxygen-demanding properties of a waste. 

The most important quality effect at present and for some time in 
the future is the demand ma de on the oxygen resources of the river sys-
tem. The oxygen demand of organic wa stes is the principal drain on the 
oxygen in water. Although the quantity of ino rganic wastes at present 
is small, these wastes will become more importa nt in the futur e due to 
the anticipated growth in diversified manufacturing. 
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Table III-2
Raw Waste Production 

Waste Loads in PE's 
1980 2000 2020 

UPPER SUBAREA 
Municipal 286,900 423,000 645,800 
Industrial 

Pulp & Paper 900,000 1,460,000 1,820,000 
Food Products 200,000 336,000 500,000 
Lumber & Wood Products 4,600 3,900 3,700 

Rural-Domestic 53,100 51,500 47,300 

MIDDLE SUBAREA 
Municipal 433,800 592,100 820,800 
Industrial 

Pulp & Paper 957,000 1,298,000 1,611,000 
Food Products 969,000 1,368,100 1,959,000 
Lumber & Wood Products 242,600 304,600 313 ,600 
Manufacturing 2,200 3,100 4,800 

Rural-Domestic 90,670 82,300 72,300 

LOWER SUBAREA 
Municipal 1,195,100 1,684,600 2,637,300 
Indus trial 

Pulp & Paper 530,000 728,000 853,000 
Food Products 162,000 228,000 338 ,000 
Lumber & Wood Products 167,000 211,000 219,000 
Manufacturing 7,500 14,000 30,000 

Rural-Domestic 88,100 123,500 180,200 

TOTAL WILLAMETTE BASIN 
Municipal 1,915,800 2,699,700 4,103,900 
Indus trial 

Pulp & Paper 2,387,000 3,486,000 4,284,000 
Food Products 1,331,000 1,932,100 2,797,000 
Lumber & Wood Products 414,200 519,500 536,300 
Manufactur ing 9,700 17,100 34,800 

Rural-Domestic 231,870 257,300 299,800 
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P R I N C I P A L W A S T E S O U R C E S 

Municipal was t e s o urc es will t e nd t o be come more c on ce ntra t e d in 
the four lar ge s e rvic e are as o f the ba s in. The dominant s ource of muni c -
ipal wastes will continue to be the Portland Se rvic e Area, whi c h inc lude s 
the urban population of th e Tualatin Subbasin. At pre s e nt, appro xima t e l y 
51 pe rc e nt of the was t es ge ne rate d in this se rvice a r ea go dir e ctl y t o 
the Columbia Rive r, and in the future a t l ea st thi s pe rc e n tage wi ll c o n-
tinue t o be discharge d, af t e r tre atme nt, t o tha t r i v e r. 

In the Will ame tte Basin, the pulp a nd pa pe r industry d isch a r ges a 
rel a tive l y substanti a l was t e lo a d to the s tream s y stem . Since the accu-
racy of projected fl ow a ugment a tion ne e ds in the rive r s ys t e m r es t s pri-
marily upon the s oundnes s of industrial produc tion pre dictions, pro j ec-
ti ons of pulp and pape r produc tion rates establishe d by the most r ecent 
compre h e nsive study avail a ble (the Columbia-North Pacific Study ) we r e 
substitut e d for thos e of the Willamette Basin Study. 

In de t e rmining wa ste loa d s b a s e d up o n pro j e cte d industri a l g r owth, 
the fo llow ing a s sump tion s we r e us e d: 

1 . The r e will be no futur e g rowth in sulfite pulping . 

2 . Groundwood a nd sul fa t e pulping will s ha r e in futur e g r owth 
in the same pro po rtions they now e xhibit. 

3 . The futur e mix b e tween ble ache d a nd unbl e ached pulp will e qua l 
tha t e xp e ct e d for the Pacific No rthwes t b y 2020 (90 pe rc e nt 
bleache d), with the mi x ove r the inte rve ning year s det e rm i n e d 
b y linea r int e rp o lation from the prese nt mix. 

4. The loca tions of futur e pulp production will a pproxima t e pres -
e nt locations. 

5. Future incre a se s in pulp production will be conve rted to pa pe r. 
At pre sent, the basin is a n e t exporte r of pulp. 

6. The c e ssation of sulfite pulping at the Crown Ze lle rb a ch plant 
in West Linn, Oregon, will be pe rmane nt. 

7. The following rates of production of oxygen-demanding raw 
wastes per unit of product, expressed as pounds of five-day 
BOD per daily production of paper and pulp and/or groundwood 
in tons, would be representative of Willamette Valley mills 
as of 1980 and thereafter . These rates are based on the 
assumption that proper in-plant controls and chemi c al r ecov-
ery will be in operation . 
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Unblea che d Kraft pulp a nd pape r 
Blea che d Kra ft pulp a nd paper 
Stone g roundwood 
Re fine r g roundwoo d 
Bleache d s ulfite pulp a nd pape r 
Unbl e ached s ulfite pulp and pape r 

25 
65 
15 
30 
85 to 125 1/

110 

1/ The hi g h v a lue of thi s r a nge wa s obtaine d b y discus s ions 
with cons ult a nts to the pulp a nd paper industry to de ter-
mine wa s t e pr o ducti o n rat e s a s s ume d r e pre sentative of 
futur e production in the Willame tte Vall e y . This value 
was u se d in the a nalysi s . 

The o xyge n-d e ma nding was t es ba s e d o n the f oregoin g assumptions us e d 
in the wat e r qualit y f l ow a na l ysis for thi s study repre s e nt only the con -
ditions for the assume d economic projections. Pertinent policies of the 
State of Oregon and consid e r a tion of air and wat e r qualit y parameters as 
we ll as l a nd an d wa t e r ava ilabilit y would result in furth e r r ef inements 
in the ana ly s i s . 

The food products industry wil l continue to grow throughout the 
basin, and the canning an d preserving sector is expected to in c rease 
appro ximately three and one-half times by the end of the proje c tion 
period . It should b e noted, however, that the food products waste 
projections shown in Table III-2 do not reflect this expected increase 
in overa ll production, because these pro cessing wastes can l arge l y be 
treate d by th e same s ystems used for municipal effluents . There fore, 
it is expected that a g reater proportion of these wast e s will b e trea t e d 
by joint muni cipal facilities rather than by separate industrial treat-
ment plants. 

The lumb e r a nd wo od products industry is expe ct e d to de cline ove r 
the proj e ction pe riod. Sinc e this indus try i s a lso r e quired to provide 
prope r tre atme nt, it i s not exp e ct e d to have much e ff e ct on ove rall 
wate r qua lity in the b a sin. 

The g r e atest r e lative incre ase in industrial a ctivit y is e xpect e d 
to occur in the " othe r" manu fa cturing industrie s. The pote nti a l wast e 
problems which ma y r es ult a r e difficult to quantif y . Much of the growth 
will occur thro u gh th e e st a blishme nt of small conc e rns whos e was t e out-
put c a n logically b e ha ndl e d b y municipal tre atment faciliti es . Again, 
g reat r e lianc e must b e pla c e d on the wat e r pollution control authoriti e s 
t o as s ure that all was t e s f rom the s e dive r se s ourc es wil l b e pro p e rl y 
ha ndle d. 
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Presently, five fuel-fired generating plants of 5,000 kilowatts 
or more are operating intermittently, using river water for cooling 
purposes. They are operated mainly in the winter when temperatures 
are low and streamflows are high. These plants pose no water quality 
problems at present, and are not expected to create any in the future. 
Potential development of thermal - nuclear power plants needed in the 
basin will require careful planning to properly preserve water re-
sources and the environment. A number of nuclear power plant sites 
are being studied . A research project is currently under way to de-
termine the feasibility of using water warmed by thermal plants to 
beneficially irrigate farm land. 

Irrigated acreage is expected to expand significantly throughout 
the basin . Projections show that the 1965 level of 244,000 acres will 
expand to 430,000 acres by 1980; 850,000 acres by 2000; and 1,000,000 
acres by the year 2020 (see Appendix F--Irrigation). Since the esti-
mated land available for agricultural purposes will be 1,371,000 acres 
in 2020, a very high dependence on irrigation for agricultural produc-
tion is envisioned . Diversion requirements from surface-water supplies 
will reach 1,950,000 acre-feet per year by 2020, and associated return 
flows are expected to be 890,000 acre-feet. Because of the climatic 
regime and irrigation practices, water quality problems resulting from 
return flow should continue to be minimal . However, seasonal low 
streamflow resulting from depletions of this water may well affect the 
ability of the water resource to serve the needs of the fishery, recre-
ation, and water quality uses. 
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S u BARE A E V A L U A T I O N 

In the Willamette Basin, the protection and enhancement of instream 
uses, both present and future, determine the necessary future demand for 
quality control. The following subarea presentations give the primary 
considerations for future protection of the water resource from a quality
standpoint . 

UPPER SUBAREA 

1 Coas t Fork 
2 
3 
4 

Middle Fork 
McKenzie 
Long Tom 

The Upper Willamette Subarea includes the Coast Fork, Middle Fork, 
McKenzie, and Long Tom Subbasins. Municipal and industrial water sup-
plies, production of salmonid fish, and recreation are the principal 
quality-demanding uses. Irrigation and stock watering, uses of lesser 
extent, are growing fast, but impose no additional quality requirements. 
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The primary water quality objectives are those relating to dis-
solved oxygen, temperature, and bacteria. Maintenance of a dissolved 
oxygen level of at least 7 mg/1 throughout the waters of the Upper 
Subarea is necessary in view of the large part the area plays in main-
taining salmon runs. In spawning areas, influences that result in a 
deviation from oxygen saturation should be eliminated. Except in the 
lower Long Tom River, where natural conditions are not suitable , summer 
water temperatures that do not exceed 70 degrees may be cons i dered a 
desirable fishery objective; the warm-water game fish in the lower 
Long Tom do not impose as strict a temperature requirement. Bacterial 
concentrations below 1,000 MPN per 100 ml should be established wher-
ever possible. In reservoirs which have extensive summer water-contact 
recreation, the bacterial objective is critical. Lowering the bacte-
rial density of the Willamette near Eugene, in particular, would provi de 
desirable water-contact recreation for the large population of the 
Eugene-Springfield area. 

.. 

, 

-

Photo III- 1. Continued updating, re f inement , and enlargement of was te 
t r eatment f acilities , such as this ins tallation at 
Eugene , will be neces sary in the futur e . (Oregon State 
Sanitary Authority, Por tland, Oregon, Photo) 
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The future needs of the Upper Subarea are the proper control and 
management of the wastes generated here as spatially distributed, in a 
manner adequate to maintain high dissolved oxygen levels and low bacte-
rial concentrations. Oxygen-demanding wastes will originate primarily 
from food-processing plants, with pulp and paper a major secondary 
source. These developments are expected to be located in and around 
the Eugene-Springfield area. Similarly, major population growth will 
center in the Eugene-Springfield area, posing the major bacterial 
thre a t to the river. In addition, recreation developments around res-
ervoirs will be another major, growing source of potential bacterial 
pollution. Thus, the needs for waste management will be concentrated 
on the Willamette River below Eugene, but needs will also exist on the 
recreation reservoirs and on the McKenzie below the pulp mill. 

Photo III- 2. Use of aeration devi ces i mproves the effici ency of was t e 
t r eat ment at this Weyer haeuser ins ta llation in 
Springfield. (Weyerhaeuser Company Photo) 
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MIDDLE SUBAREA 

The Middle Willamette Subarea includes the Santiam, Coast Range, 
and Pudding Subbasins. The principal quality-demanding uses of water 
are for salmonid fish, municipal and industrial water supply, and rec-
reation. Considerable irrigation demand for surface waters also exists. 

5 Santiam 
6 Coast Range 
7 Pudd ing 

Map III-2 

The primary water quality objectives are those relating to dissolved 
oxygen, temperature, and bacteria . Maintenance of a dissolved oxygen 
level of 6 mg/1 in all waters not otherwise unsuitable by reason of tem-
perature is necessary to fish production. In the lower stretches of 
Rickreall Creek and Marys, Luckiamute, Pudding, Yamhill, and Calapooia 
Rivers , where summer temperatures customarily exceed 70 degrees F, at 
least 6 mg/1 of dissolved oxygen are required in order to accommodate 
fish passage needs. Streams providing water-contact recreation should 
maintain bacterial concentrations of less than 1,000 MPN per 100 ml. 
Attainment of this objective on the Willamette River is highly desirable, 
because the river has a high potential to meet the Middle Subarea's water 
recreation needs and because of the concentration of population along its 
banks. 

III-12 



In the future, needs for water quality control will be more wide-
spread in the Middle Subarea than in the Upper Subarea. Pulp and pape r 
wastes wi ll dominate the oxygen-demanding loads to the watercourses, 
although food -processing wastes will also contribute sizable loads. 
These wastes wi ll be discharge d in s e veral locations, primarily to the 
Willamette River but also to some tributaries. These wastes must b e 
handled properly and in concert with flow management to meet the oxygen 
objective throughout the system. 

Population growth also wil l be scattered, with large population 
concentrations near reservoirs. Wastes from these concentrations will 
pose a threat to the bacterial and dissolved oxygen standards, and will 
create a major need for adequate handling. 

Stream temperatures b ecome a problem in this subarea . There is a 
significant need not only t o properly manage heated waste discharges but 
also to ma nage the quantities of flows and reservoir releases to maintain 
temperature standards . 

LOWER SUBAREA 

Map 

8 
9 Clackamas 

The Lower Wil l amet t e Subarea includes the Tualatin, Clackamas, 
Columbia, and Sandy Subbasins. As in the Upper and Middl e Subareas, 
the principal quality-demandin6 us es of water a re for the passage of 
salmonid fish, municipal and indust ria l water supply, and recreation. 
Irrigation demands are sligh t exc e pt in local areas. 
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Because of the nature of uses, the primary water qualit y obj ectives 
for the Lower Subarea are those relating t o diss olve d oxygen , tempera-
ture, a nd bacteria. Maintenance of at least 6 mg/1 dissolved oxygen , 
and saturation where possible, in the entire Clackamas and Sandy Rivers 
and in the r each of the Tualatin River above Rock Creek (RM 38) is 
required for anadromous fish spawning. In reaches such as the Tualatin 
below Rock Creek and the Willamette, where natural summer temperatures 
and hydraulic characteristics make such an objective unreasonable, a 
minimum of 5 mg/1 must be maintained to permit anadromous fish passage 
to higher quality tributaries. 

The maximum temperature criterion for anadromous fish life in the 
lower Willamette and Tualatin Rivers is 70 de g r ee s F. It should be 
realized, however, that such a temperature level will be difficult t o 
maintain in the lower Tualatin without substantial increases in flow . 
On all reaches of streams used for water-contact recreation, bacterial 
concentrations should not be greater than 1,000 MPN. Attainment of this 
objective in the lower Willamette and lowe r Tualatin Rivers will help to 
realize the recrea tion potential of the Lower Subarea . For decades, the 
recreation resource has suffered becaus e of poor water qualit y . 

Although no specific objective can be set to eliminate slimes and 
nuisance growths , r e duction of the nutrients and settleable solids must 
be effected in the l owe r Tualatin and lowe r Willamette River s to reduce 
such growths . 
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ALTERNATIVE MEANS TO SATISFY DEMANDS 

Providing water quality sufficient t o adequately serve the river 
sys t em ' s functions of water s u pply, fish ha bitat, a nd recreati on wi l l 
require a coordinate d program of wast e r e duction, f l ow regu lati on, 
a pplication of waste-controlling t e chniques , and a system o f coope ra-
tive management of the watershed for pollution control. Following is 
a summary of all the meas ures necessary to pres e rve the basin ' s wat e r 
quality--specific statements as to what should b e d o ne , and b y whom, 
together wi th the priority of v a rious r e quirements, and a generalized 
es timat e of the inves tment and o perating costs that will be required 
t o sustain the e nvi saged prog ram. 

A compelling need is c oordinat ion of the activities of all agen-
cies which h ave a responsib i l ity wi thin t h e program. Among t hese , the 
Department of Environmental Quality (DEQ) a nd the Federal Water Po llu-
tion Control Administration ( FWPCA) are the paramount state and Federal 
agencies among the many gro ups having either a regulato ry or effec t ive 
interest in pollution contro l in the Willamette Basin. 

The major share of the responsibilities falls on the DEQ, the 
State of Oregon's r egulatory arm in matte rs i nvolving water pollution. 
Within the framework of Oregon Law , the Oregon State Water Resources 
Board is r esponsible for determining what u ses are to be made of the 
waters of the state . The r es ponsib i l ities of the Board wit h r es pect 
to water quality, then, i n c l ude both establis h ing base flows essential 
to quality control on heavily us e d streams, a nd synthesizing the vari-
e ty of water demands into goals fo r wat e r use . These goa l s ultimately 
de t e rmine water quality objectives . 

FWPCA is r esponsible for obtaining, analyzing , a nd diss emina ting 
i nformati on r egarding water quali ty, for a dvising a ll Fede r a l water 
management agencies on n e cessary practices relevant t o polluti on con -
trol, for reviewing g r an t applica tions involving construc ti on of waste 
treatment f a cilities , a nd for providing modifications t o the c omprehen-
sive pla n for pollution con trol that will maintain its utilit y in t h e 
fa c e of changing conditions. 

Each of the priva t e and public interests involve d in l and u se that 
affect s water quality has a r esponsibilit y to develop a nd implement 
practices which limit wa ter pollution r esulting from its activities . 
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W A S T E T R E A T M E N T 

Waste reduction through effective treatment is the critical require-
ment fo r an effective water quality management program in the Willamette 
Basin. 

The implementation and enforcement plan for the public waters of 
the State of Oregon requires that all municipali ties and industries in 
the Willamette Basin provide a high l eve l of waste treatment . For those 
not al r eady providing secondary treatment or its e quivalent , such treat-
ment must be in o peration b y July 1972. Under state l egislation enacted 
in 1967, a waste discha rge permit syst em was instituted, effective Janu-
ary 1, 1968. This l egisla tion, amo ng other things: 

" ... prohibits after January 1, 1968, without a permit from 
the Sanitary Authority (1) the discharge into the waters of the 
state of wastes from any industrial or commercial establishment 
or activity, any muni cipal sewerage system, disposal system or 
treatment works, or any domestic sewerage sys tem serving more 
than 25 families or 100 persons, (2) the construction, installa-
tion, modification, or operation of any munici pal sewerage sys-
tem, disposal system or treatment works, or domestic sewerage 
system as defined above, (3) the i n c rease in volume or strength 
of any wastes in excess of permissive discharges spe cified under 
an existing permit, and (4) the cons truction, installation, oper-
ation or conduct of any industrial, commercial or other estab-
lishment or activity or any extension or modification thereof, 
the operation or conduct of which would cause an increas e in the 
discharge of wastes or the alteration of wa ter quality not law-
fully authorized;" and" ... requires each permit holder to 
report periodically to the Sanitary Authority regarding amount 
and nature of waste effluent being discharged ." 

The single , most necessary e lement to end exis t i ng pollution in the 
Willamette Basin is the imme diate installation of waste treatment facil -
ities at all pulp and pape r mills prese ntly without them, together with 
e quipmen t to condense a nd burn, or othe rwise d ispose of, sulfite waste 
liquors. 

Long -term waste treatment needs will impose a continuing require -
ment for treatment p lant construction. The substantial growth of popu-
lation and industria l output will be a source of sustained pressure on 
treatment capabilities . Obsolescence of existing plan t s will cause 
treatment needs to become increasingly a cute during the early 1980 ' s 
whe n a large number of pla nts built in the la t e 1950's and early 1960's 
will r e quire replaceme nt. In most areas, hi ghe r degrees of treatment 
will b e necessary; advanced waste treatme nt is fas t becoming a necessity 
in the dense ly populated Tualatin Subbasin. 
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Photo IV- 1. Two of the seven treatment plants in the Portland Service 
Area that discharge into the Willamette River : Lake 
Oswego (top) and Oak Grove . 
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Providing adequate treatment facilities will require a sustained pro-
gram of investment by the communities and industries of the basin. To 
abate existing pollution in Portland Harbor will involve an estimated ex-
penditure of $23.6 million, based on current prices and divided almost 
equally between municipalities and pulp and paper plants. While this 
level of expenditure should suffice to reduce the most immediate sources 
of pollution, another $24.5 million will be required to: (1) bring all 
existing waste treatment plants up to an acceptable degree of efficiency; 
and (2) provide secondary waste treatment for all pulp mills. Thus, a 
waste treatment investment of over $48 million by residents and industries 
of the Willamette Basin will be needed between 1967 and 1972. In addition 
to the construction and financing costs of these improvements, operation 
and maintenance costs of about $3.6 million annually for waste treatment 
facilities may be anticipated. 

To maintain a proper level of treatment efficiency through necessary 
plant replacement and expansion, and to provide the advanced waste treat-
ment that will be required in the Tualatin Subbasin as a result of popu-
lation growth, an additional investment of about $57 million will be re-
quired by 1985. Annual operating and maintenance costs for this system 
of waste treatment plants may be expected to expand by another $4 million 
by 1985 . 

In total, then, an investment in waste treatment amounting to about 
$105 million over two decades must be provided if the quality of the 
Willamette is to be restored and maintained. In addition to the average 
annual increment of more than $5 million to depreciation and amortization 
expenses, operating and maintenance costs will rise by roughly the same 
amount. The levels of investment will not be evenly distributed, with 
close to 30 percent required as soon as possible in order to abate exist-
ing pollution . Another large investment will be required in the 1980's, 
as the inventory of existing waste treatment plants is depleted by obso-
lescence. Table IV-1 presents generalized capital costs for treatment, 
based on projected waste production which will be incurred during the 
period from 1985 to the year 2020. 

Several points should be noted in assessing the magnitude of re-
quired waste treatment investments . A good portion of the immediate 
need has already been budgeted--by municipalities constructing and plan-
ning additions to treatment works and by pulp and paper mills preparing 
to meet the DEQ's requirements. Techniques exist to lessen treatment 
costs. These include the combination of treatment capabilities among 
communities and industries, and the installation of process controls 
that lessen waste volumes of industrial plants. Improvements in waste 
treatment technology which are presently being developed hold the pros-
pect of lower unit costs as well as higher efficiencies; the assessment 
presented is no more than an estimate, in 1965 dollars, of the costs of 
providing effective waste treatment with the methods and organizational 
structure that presently prevail in the Willamette Basin. 
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Table IV-1 
Estimated Treatment Costs for Organic Wastes 

Municipal and Industrial Sources 
1985-2020 

UPPER SUBAREA 
Eugene-S pringfie ld Service Area 
Remainder of Subarea 

Subarea Tota l 

MIDDLE SUBAREA 
Albany-Corval li s Service Area 
Salem Se rvi ce Area 
Remainder of Subarea 

Subarea Total 

LOWER SUBAREA 
Portland Service Area 
Remainder of Sub a r ea 

Subarea Tota l 

WILLAMETTE BAS IN TOTAL 

C A P I T A L 
Munic i pa l 1/ 

$47,700,000 
11,300,000 

$59,000,000 

$32,200,000 
42,900,000 
26,900,000 

$102,000,000 

$185, 000, 000 2/
7,350,000 

$192,350,000 

$353,350,000 

C O S T S 
Ind ustr ial 

$15 ,100,000 

$15,100,000 

$ 8,860,000 
1,990,000 

13,160,000 

$24,010,000 

11,830,000
0 3/

$11,830,000 

$50,940,000 

1/ Includes indus trial wastes which can r easonab l y be expected to be 
treated in a municipal plant. 

2/ Includes cost of treatment facilities discharging to the Columbia 
River--approximately $100,000,000. 

3/Does not includ e industrial treatment facilities discharging directly 
to the Columbia River. 
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F L O W R E G U L A T I O N 

Waste treatment alone cannot provide the level of quality that is 
desired in the Willamette Basin . Because of the association of pollution 
with depleted summer flows, augmentation of flow by regulated releases 
from basin reservoirs is necessary for an effective pollution control 
program. 

The Federal Water Pollution Control Act authorizes the inclusion 
of storage in Federal reservoirs for the purpose of regulating flow for 
quality control to protect water uses. The area receiving the benefits 
of such storage must provide adequate waste treatment--interpr e t e d as no 
less than the waste reduction equivalent of secondary treatment of liquid 
wastes prior to discharge to the river system. 

Flow requirements were determined by mathematically modeling the 
dissolved oxygen system of the Willamette River. The model essentially 
computed the oxygen demand that the projected waste loadings exerted on 
the river through a series of river reaches, and determined the required 
flows to satisfy the oxygen demand and still meet the state standards for 
dissolved oxygen in each reach . The model was run for two temperature 
conditions, the first presuming cold - water releases f rom the storage res-
ervoirs during the summer operation; the second presuming ambient, warm-
water releases during that period. Wastes entering the stream for each 
projection horizon were calculated by reducing the raw wastes determined 
from the economic projections by an assumed treatment efficiency level 
which would be in effect . 

To apply this model to future conditions, several assumptions were 
necessary, certain of which are outlined below to show some of the limi-
tations and areas for future refinement of the present analysis . Growth 
of the major waste-producing industries was assumed to occur in the same 
pattern as existed in 1965 . Except for the pulp industry, relative unit 
waste loads were expected to persist as at present. For those industries 
that presently do not discharge their wastes into the Willamette River 
because of use of lagoons or land application, it was assumed that future 
residual wastes, following adequate treatment, would be discharged to the 
river system . Oxygen content of treated effluents and levels of removal 
of BOD f r om domestic and industrial wastes were assumed to be the 
following: 
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I WILLAMETTE BASIN, EXCEPT FOR TUALATIN SUBBASIN 

1980 

BOD r e moval 85% 
DO in e fflue nt 1 mg /1 

It was ass umed tha t ef flue nts containing 
have no d i ssolved oxygen in 

NON - URBAN TUALAT I N SUBBAS I N 

Fores t Grove 
Hillsboro 
Cornelius 
Others 

URBAN TUALATIN SUBBASIN 

Beaverton area 
Fanno Creek area 

1980. 

1980 
BOD 

Removal 

90% 
90% 
90% 
90% 

90% 
95% 

2000 

90% 
1 mg/1 

industrial 

2000 
BOD 

Remova 1 

90% 
90% 
90% 
90% 

95% 
95% 

2020 

90% 
5 mg /1 

wastes would 

2020 
BOD 

Re moval 

95 % 
95% 
95% 
95% 

95% 
95% 

For non-summer months, it was assume d that only seconda r y treatmen t 
would be provided in the Tualatin Subbasin, and wo uld be eq uivalent to 
90 percent BOD removal. 

Where 95 pe rce nt BOD r emova l is indicated, i t was assumed that 5 
mg/ 1 disso lve d oxyge n wo uld be present in treat e d efflue nt; for 90 per 
cent BOD removal, 1 mg/ 1 di ssolve d oxyge n would be presen t. Howeve r, 
for 1980, it was assumed that eff lue nt s containing indus t rial wastes 
wo u ld have no di sso lve d oxygen . 

The projec t ed flows r e qu ired for water quality for the Willamette 
sys t em are summarized in Ta ble IV-2. Increased f l ows a r e ne e de d in the 
main s t em Willame tte in the vici nit y of Al bany and in Por tland Harbor. 
Tributaries having projected flow needs are the Yamhill, Pudding, South 
Santiam, a nd Tua l atin Rive r s, a nd Rickreall Creek . These areas a r e 
discus se d bri e fly be low. 

The Yamhill River's flow regulation need is significant in li ght 
of an extensive appropriation of wate r rights a nd th e development of 
the Red Prairie Project of t he U. S. Bureau of Reclamation, which is 
expe cted t o inc r ease the use of the river for irrigation. Existing 
wa t e r rights, i f exercised, would deplete the f l ow of the river e ntirely 
during low-flow periods. Part of the water quality objec t ives could 
be achieve d from storage in the propos e d Red Prairie Proj ect. It i s 
ass umed that remaining f lows required would be de rived from other 
s torage const ructed in the Yamhill Bas in. 
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1980 (cfs) 
Nov - A pr 2/ May June Julv 

Eugene 20 20 25 40 

llarrisbu rg 700- 900 1200 1300 1400 

Alba ny 1300- 1600 2000 2000 2400 

Sal em 1400-1700 21 00 2100 3200 

Oregon City 1600- 1900 2400 3 100 5000 

Port la nd Harbor 1600- 2400 3200 4200 6200 

Table IV-2 
Water Quality Flow Requirements in the 

Willamette River and Tributaries 
1980-2020 

Water Quality Flow Requirements 1/
Wil lame t te River 

2000 (cfs) 
Aug Sept Oct Nov-A pr May June Julv Aug Sept Oct 

40 35 25 25 25 30 45 45 40 30 

1600 1400 1200 1000- 1100 1400 1500 I 700 1800 1700 1400 

3000 2800 2500 I 700 -1 900 2400 2400 3200 3500 3200 2900 

3700 3000 2600 I 700 - 2000 2 500 2500 4100 4400 3500 3000 

5000 4200 2800 2000 - 2400 2900 3200 5200 5100 4300 3300 

6200 5100 3000 2000 - 2500 3300 4300 6300 6300 5200 3300 

1/ Summary, more ref ined breakd own available from FWPCA. 
2/ Values shown represent ranges of flow during peri od . 

1980 (cfs) 
Nov- A pr 2/ Ma y June Ju l v Aug Sept 

Coast Fork 1/ 20 20 20 20 20 20 

Middle Fo rk 5 5 5 5 5 5 

McKenzie 110 - 140 170 190 220 220 190 

No . Fork Santi am 10 10 20 590 590 110 

So. Fork San ti am 20 - 30 30 40 50 50 50 

Santiam 35 - 40 50 60 620 640 160 

So. Fork Yamhill 20 20 30 60 60 50 

Yamhi ll 20 30 40 80 80 60 

Pudding 20 20 40 120 130 100 

Tua latin nr Freeway 50- 110 60 90 180 180 160 

Tuala tin a t Mouth 40 - 130 30 40 140 140 120 

1/ All flows are for lower reach of tributary, except Tuala tin 2/ Val ues shown represent ra nges of flow du ri ng period . 

Oct 

20 

5 

160 

10 

40 

50 

20 

30 

20 

80 

30 

River near 

Water Quality Flow Requirements 
Willamette River Tributaries 

2000 (cfs)
Nov-Apr May June Julv 

20 20 20 20 

5 5 5 5 

140- 180 210 23 0 270 

10 10 20 760 

20 20 30 40 

40 40 50 8 10 

10 20 30 50 

10 20 30 70 

20 20 30 120 

80 - 150 70 100 220 

90 -200 50 80 210 

freeway. 

Aug Sept Oct 

20 20 20 

5 5 5 

2 70 240 200 

780 150 10 

40 40 30 

820 180 50 

50 40 20 

70 60 20 

140 100 20 

220 200 90 

21 0 170 60 

2020 (cfs) 
Nov- A pr May June Ju l v Aug Sept Oct 

25 40 45 60 60 50 40 

1100 - 1200 1600 1800 1900 21 00 2000 1600 

1800- 21 00 2 500 2700 3300 3900 3600 3000 

2000- 2200 2600 2900 4 200 4800 4000 3100 

2400 - 3100 3100 3900 6 100 6300 5100 3600 

2700 - 3100 4100 5100 7500 7500 6200 3700 

2020 (cfs)
Nov-Apr May June Ju l v Aug Sept Oct 

20 20 30 30 30 30 20 

5 5 5 5 5 5 5 

140-170 210 230 2 70 2 70 240 190 

20 20 20 680 690 130 20 

20 30 30 40 40 40 30 

40 40 50 720 730 160 40 

10 10 20 30 40 30 JO 

20 20 30 70 70 50 20 

20 20 30 150 160 130 20 

110- 190 90 120 210 210 190 100 

110- 250 90 140 270 260 200 100 



The proposed level of flow does not assume the development of a 
major food-processing industry as a result of increased irrigation. 
Should such an industry be established, a reevaluation of treatment 
and flow requireme nts would be needed. As stated earlier, however, 
it has been assumed that industrial wastes which are not discharged 
to the stream at present will be discharge d to the stream, after 
treatment, in 1980 and thereafter . Industrial growth indexes for the 
Middle Willamette Subarea have been applied to such waste loads. 

Need for flow augmentation is also indicated for the Pudding River. 
It has been assumed that the food industry, which currently utilizes 
land disposal for its wastes, will expand according to the industrial 
growth index for the Middle Willamette Subarea and by 1980 will dis-
charge treated waste effluent to the Pudding River. 

The South Santiam River's flow regulation requirements arise as a 
result of the waste discharges of a pulp and paper plant at Lebanon. 
The municipalities and industries along the river--including the pulp 
and paper plant--provide a high level of waste treatment; the DEQ has 
instructe d the pulp mill to limit its summer waste discharges to about 
five percent of the original strength of its gross waste production. 

Proj ec t ed flow requirements for the North Santiam are based on the 
assumption that industry will expand in proportion to the indexes shown 
for the Middle Willamette Subarea and will discharge treated effluents to 
the river system . A very substantial industrial wast e load presently is 
retained in lagoons or is us ed for irr igation of crops. The largest pro-
jected waste load in the North Santiam Subbasin is from the cannery in-

·dustry. If the proj ected growth is realized, the future minimum flow 
requirements for the North Santiam will approximate the present one-in-
ten-year low flow of the stream. 

Rickreall Creek's existing flow needs stem from conditions similar 
to those of the Yamhill River. Irrigation demands deplete the stream in 
dry years. Minimum flows are required below the City of Dallas to main-
tain quality suitab l e for fish passage. It has been recommended by FWPCA 
that these flows be provided from the Monmouth-Da llas Pro j ect of the 
Bureau of Reclamation . This plan involves pumping from the Willamette 
River . Minimum flows of 11.0 cfs in 1980 and 13.5 cfs in 2010 were 
recommended in a 1962 report of FWPCA . 

The Tua latin River 's need for augmented summer flows is perhaps the 
most immediate and pressing in the Willamette Basin . The average l evel 
of wast e reduction a lready exceeds 90 percent, but dissolve d oxygen in 
the lowe r river consistent l y drops well below 5 mg/1 . Depletion of sum-
mer flows is a factor contributing to this problem . Examination of other 
water qualit y parameters exhibits an equal l y dismal picture. Any long -
term solution to the water quali t y problems in the Tualatin will result 
from the integration of waste treatment a nd a suitable minimum flow 
regime. 
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The determination of flow needs through Portland Harbor is far more 
complex than for the other r eaches in the Willamette River system. Among 
the severa l factors that defy rigorous analysis are the hydraulic charac-
teristics as affected by tidal fluctuations and the Columbia River flows, 
the bent hic oxygen demand exerted b y the long accruing harbor sludge beds, 
and the unquantified waste discharges into the harbor. 

Higher water stages in the Columbia River during the summer low-
flow period of the Willamette retard the outflow of the Willame tte and 
hold these flows in the harbor. In addition, the flows are affected by 
the diurnal tidal influences from the Pacific Ocean. The retardation 
of flows holds oxy gen-demanding wastes in the harbor for l onge r periods 
of time, allowing more depletion of minimal summer oxygen resources. 

The sludge beds in the harbor have historically used substantial 
oxygen from the rive r. This load is especially significant during the 
low-flow periods. In past years, upstream waste loads have been with-
held f rom the system whe n flows in the harbor dropped below 6,000 cfs, 
and yet the oxygen l eve ls r emai n ed depressed until flows were again 
raised. Although the significant effect of these loads is known, quan-
tification with exi sti ng surveillance t e chnology is impossible, so the 
influence cannot be definitively modeled. 

Photo IV- 2. Por t land Harbor: Rife wi th sludge beds that keep dissolved 
oxygen l evels depressed f or the r emainder of the river ' s 
trave l . 
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Several other factors obscure the prediction of quality here . Un-
quantified waste loads are expected to be intercepted some time in the 
future . Algal and sphaerotilus growths in the stream exert a diurnal 
oxygen demand, driving the oxygen levels down at night to levels lower 
than those measured during daylight hours . 

Analysis of Portland Harbor showed that required water quality 
flows were rather insensitive to upstream treatment levels, while the 
harbor hydraulic characteristics and benthic loading exerted signifi-
cant effects . Flows derived from the model understated the demands of 
these undefined factors, requiring further study to account for them 
in the recommendations. The reanalysis resulted in flow requirements 
during July and August through Portland Harbor of 6,200 cfs in 1980; 
6,300 cfs in 2000; and 7,500 cfs in 2020 . 

Meeting these flow needs will require storage releases from up-
stream Willamette reservoirs. Portland Harbor flows will probably 
control regulation requirements for water quality control in the 
Willamette system. Achievement will be complex because of conflicting 
water uses and the operational schedules of reservoirs that came into 
being before water quality control was a legally sanctioned function 
of Federal storage projects. 

Authorized purposes of the Willamette Basin Project reservoirs are 
flood control, navigation, power generation, and irrigation. The U. S. 
Army Corps of Engineers, in their 1947 a uthorizing report, expressed 
their intent to manage the system in a manner that would provide a mini-
mum navigation flow at Salem of 6,000 cfs upon completion of all author-
ized projects. This minimum level of flow has been the basis used by 
the DEQ in establishing its policies with regard to waste discharges 
into the Willamette. If maintained in a fashion that provides a com-
parable flow through Portland Harbor, the intended navigation flow 
would provide for attainment of water quality objectives for Portland 
Harbor through the year 2000. In particular, it would assure mainte-
nance of a DO concentration of 5 mg/1, which is needed to maintain 
salmon runs. Recognition of the water quality needs dependent upon 
the minimum navigation flow of 6,000 cfs, and providing it with a firm 
status, would be a major Federal contribution to maintaining Willamette 
River water quality. 

Two desirable provisions could increase the utility of storage for 
quality control: First, if storage is available for use as it is needed, 
flow requirements can be determined according to the day-to-day water 
quality conditions. To use water as it is needed, rather than depend 
on a sustained level of flow, would effect economies in the use of 
stored water. Second, releases should be made from reservoirs which 
maintain high quality during the summer. Augmentation of flows with 
releases from the North Santiam, Clackamas, McKenzie, or Middle Fork 
Willamette River provides higher water quality than releases from the 
warmer, west-side tributaries. 
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W A T E R Q U A L I T Y B E N E F I T S 

National policy being developed by the Water Resources Council 
for procedures for evaluation of water and related land resource 
projects states in part: 

"Any regulation of the flow of a water body will affect water 
quality for any of several uses to some extent . The effects 
on each use should be calculated according to changes in their 
pertinent quality dimensions or criteria. Favorable effects 
on any use shall be ascribed as benefits for that use. Bene-
fits should not be ascribed to water quality per se. Therefore, 
any flow regulation or other hydrologic control to serve a par-
ticular use must meet the quality requirement as well as the 
volume requirements for that use. 

"Any favorable quality effects that occur incidental to regula-
tion for other uses, such as from reservoir releases for navi-
gation, power, water supply, and irrigation, should be ascribed 
as benefits for the particular uses favorably affected. Any 
adverse quality effects resulting from a project shall be charged 
against the project as a project cost . 

"The measure of the beneficial effects on each water use should 
reflect the extent to which the usefulness of the particular 
water use is affected. This measure may be in terms of savings 
in water treatment in the case of a water supply or in terms of 
higher levels or degrees of water use for recreational waters . 

"Water quality control benefits per se will still arise, how-
ever, in those instances when it is necessary to provide reser-
voir storage and releases to reach the water quality standards 
under the Water Quality Act of 1965 after it has been deter-
mined that the combined effects of all the project purposes and 
wastes and drainage controls are inadequate. Specifically, 
this si tuation will arise only in those cases when the full 
range of feasible waste treatment and control and drainage 
and land use controls have been analyzed in conjunction with 
meeting all water use requirements by the project and a poten-
tial water quality deficiency from the standards has been re-
vealed. In these situations, reservoir storage and flow regu-
lation for water quality control under section 3-b of the 
Federal Water Pollution Control Act may be 11tilized and the 
benefits ascribed to water quality " 

For most streams in the Willamette Basin, flows required to main-
tain adequate water quality could be satisfied by the flows required 
by other water use functions. This situation is dependent on the 
ability of the developed overall water resources plan to meet the 
needs for other in- stream uses such as fish, recreation, and naviga-
tion. Under current national policy, no water quality benefits per

appropriate when flows which would maintain acceptable water 
quality are provided for other functions. 
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It appears that flows required to maintain proper water quality 
through the year 2000 in the main stem Willamette are less than or, 
in some reaches, equal to those flows required for fish, recreation, 
and navigation functions. Thus, the increased benefits accruing to 
these uses as a result of good water quality need to be determined. 

An analysis of benefits has been prepared by the Bureau of Com-
mercial Fisheries in the development of the Willamette Falls Fishway 
Project . The Bureau indicates that an increase in annual benefits of 
$865,000 will accrue to the fishery in the Willamette system if suit-
able water quality is present in the Portland Harbor reach. These 
additional benefits can serve as a justification for maintenance of 
minimum fishery flows that will also meet water quality standards . 

The recreation committee has indicated that benefits to outdoor 
recreation resulting from increased streamflows for water quality vary 
tremendously in magnitude. The evaluation of these benefits requires 
a high degree of familiarization with the particular streams and a 
great deal of sophisticated hydrologic data. This, plus the time and 
complexities involved in determining the effects on the proposed res-
ervoirs supplying the additional water and the tributary streams which 
deliver it to the problem area, have made it impossible to provide 
downstream recreation benefits for inclusion in this plan. However, 
it should be recognized that these benefits are real and at least par-
tially measurable . In some instances, the benefits could be highly 
significant. Therefore, it is important that downstream recreation 
benefits be considered in planning to insure inclusion of water qual-
ity as a project function. As projects proceed to the authorization 
stage, more information needs to be developed on monetary downstream 
benefits . The decision may then be made in regard to the extent of 
downstream benefits relative to the inclusion of water quality as a 
project purpose . The effect of improved water quality on navigation 
would not be significant. 

In some rivers, such as the Tualatin, the need for flows for 
water quality control is greater t han t h at for other uses. A deter-
mination of benefits for water quality per se will be possible as 
individual projects proceed to the authorization stage. The water 
quality benefits can be determined only after project flows for all 
other uses have been defined and evaluated with respect to their 
effect on water quality. Storage for water q uality control must be 
evaluated on a "last added" basis . As a result, it is not possible 
to place a monetary value on the water quality benefits until spe-
cific projects contained in the overall comprehensive water resources 
plan have been formulated. This situation makes it very important 
that the water quality interests be involved in individual project 
formulation procedures . 
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For future project formulations, alternative means and higher 
degrees of waste treatment and drainage controls may be used in the 
evaluation as a measure of benefits in comparison with reservoir 
storage costs. It may also be feasible to develop a unit of value 
to assign to benefits from improved water quality where aesthetics 
or amenities are involved, particularly in regard to residential and 
parkland areas along watercourses. Nonquantitative valuations, such 
as explicit and thorough statements as to salutary effects on human 
living conditions and enjoyment, may also be used . 

The recommendations will include an identification of benefici-
aries and a conclusion as to whether the benefits are "widespread or 
national in scope." 
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O T H E R P O L L U T I O N C O N T R O L P R A C T I C E S 

While wast e treatme nt and flow regulation a r e the major measures for 
meeting pollution control ne e ds--as well as the major sourc e of future 
capital expenditures --additional methods of control should be diligently 
pursued . 

The immediate need in this regard is for the City of Portland to 
complete its system of trunk sewe r interception to eliminate discharges 
of untreated wastes into Portland Harbor . The municipality is actively 
working to this e nd; interception costs compose the major portion of a 
$14 million waste control budget adopted in 1965. 

Measures supporting water quality, which may readily be adop ted in 
the near future, include the stoppage of untreated waste discharges from 
houseboats and oceangoing commercial vessels to Portland Harbor. The 
DEQ has statutory authority to prohibit untreated discharges, and the 
FWPCA has completed a study determining the extent of these wastes and 
devising means of control ling them. The DEQ has now established re-
quirements with deadlines for the management of wastes from houseboats. 

The control of fertilizers and commercial toxican ts through care-
ful application practices is of more than passing importance, in view 
of their increasing use. The U. S. Department of Agriculture, which 
has the responsibility for re gulation of such materials, should make a 
major effort--ideally thro ugh the county extension agents--to insure 
that use practices which fully reflect the need for protection against 
all types of environmental pollution are adopted by the individual farm-
ers and commercial applicators. Soil-stabilizing practices must con-
tinue to be effec tively promoted for agriculture, logging, construction, 
channel improvements, and other activities that cause or affect deposi-
tion of soil in water bodies. In particular, soil stabilization should 
be included as a condition of all contracts let by Federal agencies and 
by contractors engaged in work where Federal grants are involved. The 
responsibility for such actions is imposed upon Federal agencies by the 
terms of Executive Order 11288: Prevention, Control, and Abatement of 
Water Pollution by Federal Activities. 

Similar controls by state and local agencies would be of great 
value, particularly if statutory a uthority for inspection and summary 
powers of abatement were awarded to the DEQ. Controls should be adopted ' 
by the State of Oregon to preve nt free access of concentrated animal 
populations (as at feed l ots and dairies) to banks of water bodies. 
Acceleration of the City of Portland ' s program to control urban runoff 
wou ld also be of great value. Economies could be effected by incor-
porating appropriate design features into the new interceptor sewer 
systems that will be constructed in the nea r future. 

Over th e longer term, a systematic handling of the problems posed 
by urban storm-water runoff and combined sewer overflow at waste treat-
ment plants must b e undertaken. The major need in this re gard is 
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development of methods. The cost of separating existing combine d s e wer 
systems is so great that it does not at this time represent a practical 
alternative . Based on costs pe r person develope d in national studi e s, 
about $250 million would be required for the Willamette Basin. 
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M A N A G E M E N T P R A C T I C E S 

Meas ures necessa r y to a ba t e wa t e r po llution in the Wi llame tte Basin 
a r e s tra i ght fo r wa r d , but they a r e no t i n thems e lves s u fficie n t to gua r an -
t ee the mai nt e na nce of wa t e r qua li ty . Continuing manageme nt de c is i ons 
and proce dures wi th c l ea rly def ine d r es pons ibilit ie s among tho se i nt e r-
es t s c oncer ned wi th wa t e r qua lit y a nd wa t e r po llut i on contro l wi ll al so 
be necessa r y . 

The De pa r tmen t o f Environmen t a l Qua lity and the Fe de ral Wa t e r Po llu-
t ion Control Admin i s tra t i on a r e the agen c i es with pr i ma r y r es ponsib ility 
f or wa t e r po llu tion control. These t wo age n ci es mus t h a ve full parti ci -
pa t i on i n r eachi ng decis ions r e l a t e d t o wa t e r us e and manage men t whi ch 
affec t wa t e r qua lity contro l. 

The e l emen t s tha t wo uld e nte r id ea ll y into a wa t e r qua lit y ma nage -
men t sys t em would be t hose tha t ma ke it poss ible t o ma ke ef f ec tive day -
t o -day dec i sions affec ting f l ow a nd was t e di s cha r ges . Gi ve n suff icien t 
i nforma ti on a bout the rive r syst em, a nd giv e n a meas ure of powe r to co n-
tro l f l ows a nd wastes , s uch an i dea l sys t em i s t he ore ti ca ll y poss ible . 
At the present t ime , the r e a r e some obstac l es t o pu t t ing these pr oce dur e s 
into ope r a t io n. 

A c l o ud e d wa t e r r ights p ic tur e ma kes i t i mpos s ible fo r fi n i t e base 
na tura l f l ows to be establi s he d for qu a lit y r egula tion. Adjud i c a tion of 
wa t e r ri ght s mu s t be acc ompli s he d if finit e firm ri ght s f o r all a ppropri-
ativ e uses of wate r are t o be es t a bl is he d . The de t e rm i na tion of these 
r ight s is a n essent ia l pre r eq uis it e t o ana l yzing the av a ila ble mi nimum 
na tural flow s se t b y the Oregon Stat e Wat e r Reso urc e s Board tha t can 
effective l y se rve the purpose o f qua lit y c ontro l . The S t a t e Eng inee r 
has es timate d t hat an inv es tment of about $1.5 milli on wil l be r e qu i r ed 
t o c omp l e t e a d jud i ca t ion a nd es t ab li sh pr io rities of wate r r igh t s in the 
Willame tte Bas i n. Should sto r age f o r f low r egula tion be a uthoriz e d in 
Fe de r a l r ese rvoir s , the r e i s a gua r a nt ee tha t the fl ows wo uld se r ve the ir 
i nt ende d functi on s i nce the OSWRB has e stablishe d minimum f l ows , invo l v -
ing both na tura l fl ow a nd s to rage r e l ease , to support a qua tic life and 
qua lit y co ntro l. Furthe r r egula ti ons ma de by the State Eng inee r on a ll 
dive r s i ons f r om the s tream und e r hi s a uthority t o di s tribut e wa t e r in-
s ure t ha t the mi nimum f lows se t by the OSWRB will be passe d down the 
s tream t o se rve the ir i nt e nde d purposes . 

Ano the r, l ess press ing a r ea in which de ci s ion-ma kin g s hould be ma de 
mo r e e ffec tive lies i n the r ea lm of r e l a tionship s among Fe deral age ncie s. 
Cl ea rl y def ined wo rkin g arrangements need t o be dev e l ope d, a s a uthori ze d 
by Exec utive Orde r 112 88 . Prog r ams of age nci e s e ngage d in wa t e r r esource 
ma nagement a nd in l a nd ma nageme nt a ffectin g wa t e r qua lit y s hould be r e -
vi ewe d a nnua ll y by the FWPCA, t o ev a lua t e e ff ect i v e ness of po llution 
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control proce dures and t o suggest i ndicated improvements . This type of 
cooperative relationship will become even mo r e necessar y if flow regu-
lation for wate r quality control is authori zed in Federal storage proj -
ects in the basin . The FWPCA could then recommend , in a fashion that 
re c ognize d competing uses of stored water , t he storage needed for qual-
ity control during the coming year. 

Essenti a l to the operation of a management prog ram is the availabil -
ity of ade quat e and r eadily accessible information . Knowledge of the 
operation of t he Willamette River system is far more complete than that 
of othe r Pacific No rthwest water bodies, but additional informa tion is 
s t i ll neede d. The DEQ p r esently mai ntains a system of periodic water 
quality monitoring for the Willamette River . The FWPCA operates three 
a utomatic monitoring s tations a nd a wate r pollution surveillance system 
station in the Lowe r Subarea . These complementary systems should be ex -
panded . Periodic sampling of tributarie s would a dd materia lly to knowl -
e dge of the wat e r quality of the rive r system . In particula r, FWPC A 
water pollution s urvei llance system stations should be estab lishe d to 
r eco rd the water quality in any tributary where storage is released from 
Federal r e s e rvoir s for qualit y control. In addition, a surveillance 
station at Corvallis would provide a means of both measuring the pro -
gressio n of qua lit y and calibrat ing mathematical models of the river 
sys t em to r e fl e ct acc urat e l y the effects of downstream waste loads . 
Finally, water qualit y surveillance a t various r eservoi r l evels is 
ne ces sa r y t o determine the characteristics of the releases as well as 
the qualit y of the sto r e d water which is to b e us e d as flow augmenta -
tion for quality e nha nc emen t . Even with existing fo r ecasting tech -
niques, the combination of the fo ur existing monitors--telemetered to 
a central computer system--would allow e ither r elease of availab l e 
s tore d water or curt a ilment of waste loadings b y manufactur ing plants 
i n a manner which would avert critical wa t e r quality de pressions . 

To complement the suggested sys t em of water qualit y monitor ing, 
improvements both in flow-gaging practices a nd in knowledge of waste 
discharges a re essential . The existing network of gages in the 
Wil l ame tte Basin mee ts a ll r e quiremen t s for extent of flow informa ti on , 
but r eporting i s de l aye d a nd the info r mat ion i s not ava ilab l e in time 
to meet management n ee ds . Instrumentation to provide r egula r daily 
flow r e port s during the critical season fo r two point s on the Tualatin 
River a nd one point on the Clackama s River, in Portland Harbor, and on 
other streams for which flow r egulation storage has b een proposed, would 
r e quire a per - station inv estment of about $6 , 000 and would impose a 
$2 , 000 a nnual cost for operation a nd main t ena nce. 

Dependable da ta on was t e strengths a nd trea tmen t effec tiveness must 
also be ob tained if an equitable and r es ponsive mana gement program is t o 
come into be i n g . Pe riodic r e porting of waste discharges, presentl y 
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avai l able to the DEQ, s hould b e s upplemente d by dai l y repo rting from a ll 
major waste so ur ces dur i n g critica l p e riod s . Annual in-plant surveys b y 
the DEQ a re made both to provi de a check of r epo rting ef fi cien cy a nd to 
indicate a r eas in whi ch was t e control improvements mi ght b e made. 

Another management pract ice whi ch has the potential for provi din g 
direc t a nd signi ficant eff iciency increases , c onsists of me thod ica l up-
g rading of ski lls of waste treatme nt pl a nt opera tors. Th e s hort courses 
presen tly conducte d by Orego n S t a t e Universit y a nd the DEQ should be 
co ntinue d, a nd a tt e ndance s hould be e nco uraged . Perhaps the most dire ct 
me thods of increas ing ope r a t or skill would be passage of compulsory 
c e rti fica t ion leg i s l atio n a nd r a i s ing the a dmi t t e dly defici e nt pay sca l es 
to a ttrac t qua lified pe rsons and to r eward ac hi evemen t a nd e n co urage pro-
fessiona li sm. 

Bot h r esea rch a nd program deve lopme n t s hould b e int eg r a l part s of 
the manageme nt plan. The most obvious imme di a t e nee ds for r esea rch in-
volve those problems po sed b y wastes tha t a r e not amenable to co lle ction 
a nd treatme nt, including the was t e s of navigation, l and u se , and urban 
runoff. The crea tion of a uni f i e d polic y for pollution control in a n 
a r ea marked by a ple thora of inde pe nde nt juri sdic tions , problems of 
municipa l and industri a l was t es , i nt e n s ive ag r iculture, a nd urban run-
of f, wou ld be of mor e than loca l utilit y . Fe deral g r a nts are ava ilable 
fo r bo th r esea rch a nd p l a nning ass i s t ance . 

IV-19 



A L T E R N A T I V E S 

The proposed program for pollution abatement and water quality 
maintenance is considered to be the optimal solution to the water 
quality problems of the Willamette Basin. However, it is not consid-
ered to be either a final or a maximum solution. Other pollution con-
trol possibilities are available, and more should become evident as 
knowledge of the river system and technology advance. 

Other alternatives, although they are not considered to fit into 
the optimal solution proposed, include reaeration of the lower 
Willamette River and transmission of wastes from critical areas such 
as the Tualatin Subbasin. 

The significance of reaeration is obvious in any situation where 
dissolved oxygen (DO) concentrations are less than those demanded by 
uses . By reaerating the water body, it is possible to maintain a suit-
able DO level where waste assimilation is continuing and would other-
wise result in oxygen depletion. Unlike flow augmentation and waste 
treatment, reaeration is specific in its operation . Its benefits ex-
tend only to dissolved oxygen, whereas the more general operations--
waste treatment and flow regulation--provide improvements in several 
water quality parameters . As waste discharges grow, reaeration might 
best serve as a supplement in dry years to both flow regulation and 
waste treatment, rather than as a substitute for a base flow. 

There are several ways to accomplish effective reoxygenation of 
the lower Willamette River by inducing reaeration . The simplest method 
is to allow the river to pass over Willamette Falls throughout the sum-
mer . The turbulence and atmospheric contact occurring at the Falls 
would provide substantial aeration of the Willamette, whose oxygen sup-
ply is partially depleted by upstream waste loads before it enters 
Portland Harbor. During low flows, the entire river is channeled 
through a generating plant which serves the two pulp and paper mills 
situated at the Falls. If diversion through the turbines were to be 
interrupted during the critical season, the desired dissolved oxygen 
concentration of 5 mg/1 would be maintained through the harbor. The 
cost to the pulp and paper mills (assuming that purchases of power 
for 120 days were twice as expensive as captive generation of power) 
would be about $95,000 a year. 

Another reaeration method is now available for use at the Falls. 
In 1965, Portland General Electric Company fitted one draft tube with 
an aeration device at its generating plant at Willamette Falls. In 
1966, six additional draft tubes were fitted for introduction of air. 
After test runs in 1967, the aeration system performed well during the 
critical 1968 late summer period. Crown Zellerbach also installed aer-
ation devices in its turbines at the Falls in 1968. 

Reaeration may also be accomplished by installation of mechanical 
devices to induce turbulence and force oxygen into solution in the 
water. In the absence of flow regulation and with the level of waste 
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removal r ecommende d in this a ppen dix , emp lacemen t of three 150-
horsepower aeration units in se ries would maintain the DO objective 
for Port l and Harbor under 19 44 flow conditions. These devices , pl ace d 
a t the point s where DO would b e expec t e d to drop to 5 mg /1, should in 
combination effec t a 0.5 mg /1 increase in DO. Estimated cos t (in c lud-
ing t en- year de preciation, operation, and main t e nan ce ) would b e about 
$15 5 ,000 pe r year. 

Among the considered a lte rnatives to the recommended combination 
of was te trea tment an d flows we r e : (1) collection and conveyance of 
the wastes o ut of the basin, and (2) land applica tion of the wastes. 
Colle c tion and diversion of the wastes was r e j ec t e d because of hi gh 
costs , plus loss of wa t e r s us e ful for such purposes as irrigation in 
a wa ter-short bas in. Land a pplication was r e je c t e d because of the 
aesthetic obj e ctions and the high cos t of sufficient lands s uitable 
for thi s approach. 
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U P P E R S U B A R E A 

Maintaining the qua lity of water ne cessary to serve uses in the 
Upper Su barea appears to b e large ly a matt e r of providing adequate waste 
treatment . The high natural quality of the waters and the high degree 
of assimilative capacity provide d by rapid, shallow flows less e n the 
nee d for flow r egulation or sophisticated management techniques . It is 
important to r emembe r, however, that was t es discharge d to the uppe r river 
are r a pidly trans port e d to the middle and lowe r river, wher e most of the 
five - day biochemical oxygen dema nd is exerted . 

Eugene ' s practice of combining municipa l and industrial waste trea t-
ment appears to b e a n optimal approach to the problem of providing trea t -
ment for expanding industrial wastes, and should be conside r e d as a mode l 
by other communiti es now planning for future industrial growth. 

Waste trea tme nt practices of sawmills and plywood mills s hould r e -
c eiv e considerably more attention than in the past . In the operation of 
such plants, e very effort should be made to l essen the amount of solids 
tha t reach the watercourses. In particula r, plants using h ydraulic bark-
e rs should provide primary trea tme nt for the wastes of barking. The 
l evel of biochemical oxygen demand occurring as a result of barking - -
a bout 2.5 pounds per cord - -is of little significance pres e ntl y or pot en -
tially to the wat e r quality of the Upper S ubarea. Howeve r, the suspended 
solids which occur from barking -- up to 25 pounds per cord - -can be a poten-
tial source of aesthetic damages, and serve as a bas e for attachment of 
sphaerotilus, a slime organism. 

Photo IV- 3. Hydraulic barkers produce waste water that is high in 
suspended solids, but water supplied to these devices 
must be as free as possible of such particles . 
(Weyerhaeuser Company Photo) 
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While it does not appear that wast e loads suffici e nt to r e quire flow 
regula tion will exist in the Uppe r Subarea within the n e xt two d e cades , 
it i s probable that fl ow regul a tion required downstream will b e accom-
plishe d in pa rt from up s tre am storage . Flows for qua lity regulation 
mi g ht bes t b e r e l e as e d from res e rvoirs other than Fern Ridge , whe re hi g h 
summe r t e mpe r a ture makes its wa ters l e ss suit a ble for quality control 
n ee d s th a n thos e of upstre am r e servoirs on the Middle Fork Willamette 
a nd on the McKe nzie. 

Photo IV- 4. The Weye rhaeuser Pulp and Paper Mill in Spring f ield has 
one of the most effective on- site was te treatment 
systems in the basin . (Weyer haeuser Company Photo) 
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Practices to cont rol wastes provide a good opportunity to maintain 
the high water q ualit y by passing it to downstream areas which would 
also benefit . Such practices include the application of soil conserva-
tion measures in agriculture and logging, and keeping animal herds away 
from the banks of streams . In the Eugene - Springfield area, considerable 
attention should be given to the effectiveness of waste disinfection, 
since the bacterial concentrations occurring below Eugene present the 
principal water quality problem in the Upper Subarea. Related to both 
soil conservation and disinfection is urban land drainage, which adds 
to both bacterial concentrations and turbidity. The present requirement 
of the DEQ for separation of storm-water and sanitary sewers should ulti-
mately alleviate the pressure of urban drainage problems . Acceleration 
of this program through planned installation of separate storm-water 
sewers, particularly at Springfield, would probably benefit water quality 
of the main stem Willamette River. 

Because of the generally high quality of the waters, it does not 
seem necessary to install an extensive water quality monitoring program 
in the Upper Subarea. The DEQ's program of monitoring the main stem and 
tributaries in the summer, combined with reservoir sampling and addi -
tional sampling when special situations indi cate a need, seems adequate 
to assess the water quality in the subarea and its relation to quality 
modifications that may occur downstream. 

IV-24 



I 

I 

• 

M I D D L E S U B A R E A 

Ma inte na nc e of wa t e r qualit y sufficient to serve use s which occur 
in the Middle Subare a and restoration of the limited areas of de g rade d 
wat e r quality a re large ly depe ndent on the initiation of supe rior wast e 
tre atme nt and control me asures . 

The overriding need in this r e ga rd is for facilities providing 
chemical r e cove ry and s e condary treatment by the pulp and pape r mills at 
Sa l em, Lebanon, and Newb e rg. This should limit the ma jor problems of 
pollution in the South Santiam and the de grada tion of water qua lity that 
occur s in the Willamette , espe cially a t the Ne wberg pool. 

Additional treatment requirements less significant to an immediate 
solution of Willamette water quality problems would represent needed 
additions to the pollution control facilities. These include provision 
of capabilities for evaporation and burning of pulping liquors at the 
Salem pulp mill; and enlargement of the Sweet Home, Mt. Angel, Dallas, 
and McMinnville waste treatment plants. The practice of treating both 
municipal and industrial wastes in a common waste treatment plant, well 
e stablished in the subarea, is sound and should be continued where the 
seasona l quantities of the two types of waste are comp a tible . 

Photo I V- 5 . An oxidation ditch provides adequate secondar y t r eatment 
f or the City of Stayton . (Depar t ment of Envi r onmental 
Quality, Portland, Oregon, Photo) 
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Photo IV-6. One of the mechanical aerators in operation at the 
Stay ton t r eatment plant . (Depar t ment of Envir on-
menta l Quality, Portland, Oregon, Photo) 

At several points in the Middle Subarea, water quality can be dis-
tinctly improved by using reservoir storage to augment summer streamflows. 
Under the Federal Water Pollution Control Act, storage to provide such 
flow regulation can be made a function of Federal reservoirs when ade-
quate waste treatment is practiced within the watershed. 

Flow regulation for quality control is essential in the South 
Santiam from Lebanon to the mouth, in Rickreall Creek, and in the Pudding 
River from Mt. Angel to the mouth. 

A problem of adequate flow quantities occurs in all of the streams 
used extensively as a source of irrigation water. There are, in many 
cases, sufficient flows at gaging points to provide the quality objec-
tives set by fishery and waste assimilation needs. However, flows be-
tween gaging stations drop we ll below these levels because of irrigation 
withdrawals, and are then subsequently augmented by irrigation return 
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flows. Therefore, if water quality is to be maintained, it is essen tial 
that base flows be established and protected against such withdrawals. 
A flow which is said to be required for quality control purposes must be 
considered as the minimum allowable flow throughout a reach of the river . 
In the Yamhill River, for example, a base flow of 35 cfs is necessary to 
meet water quality s tandards. Present flows generally remain above this 
level--except in the case of irrigation diversions. Increased irrigation, 
however, could result in a level of flow well below that necessary to 
provide a satisfactory dissolved oxygen level. It is essential , then, 
that any in c rease in irrigation resulting from comp l etion of the U. S. 
Bureau of Recl a mation's Red Prairie Project should not impinge upon 
summertime flows to the extent that they drop below 35 cfs. 

Because of the widespread turbidity in Middle Subarea watercourses, 
meas ures to control erosion s hould be aggressi vely promoted . The natural 
turbidity due to bank caving and erosion by natural runoff may be con-
trolled to some extent by channel improvements. Because of the preva-
lence of cultivated fields , agricultural practices which reduce wind and 
water erosion are of great importance to water quality. In headwaters , 
logging practices--particularly road construc tion--should be stric tly 
regulated to contro l erosion. A system of procedural g uarantees should 
be incorporated in all cut ting contracts . On privately owned forest 
lands, it would be well to extend the authority of the DEQ to include 
inspection of logging practices. In addition, procedures employed in 
spreading fertilizers and chemical poisons should b e carefully moni-
tored by the DEQ ; and the U. S. Department of Agriculture should dili-
gent l y fulfill its responsibilities to dete rmine optimum procedures and 
application rates for such materials. 

Intimate knowl e dge of the river system and of wastes entering it is 
an essential part of controlling water quality. It is necessary that 
flows , waste loads, and water quality be regularly measured and analyzed. 
To provide sufficient knowledge of the Midd l e Subarea, the DEQ should 
continue its program of making spot summer sampli ngs for water quality 
ana lyses and shou ld begin measuring r eservoir water quality. A water 
pollution surveillance system station should b e established at Corvallis 
to measure the quality of the Willamette's waters further upstream than 
is now possible . Flow data for tributaries below Salem are inadequate 
for the intensive pollution control management that will become necessary 
as waste loads and the degree of flow regulation increase. Additional 
flow - gaging stations are needed on the Pudding, Molalla, and Yamhill 
Rivers. 
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L O W E R S U B A R E A 

Maint e n a n ce of water quality to serve the various uses in the Lower 
Subarea is large l y a matt e r of providing bette r waste trea tment an d con-
tro l, which must a lso b e s upport e d by flow reg ulation. 

The Tualatin Subbasin is sub je c t to unus ua lly stringent treatment 
r equirements. Altho ugh its was t es a r e curren tly r e duce d a t least 90 
p e r cen t b y treatment, a dvance d waste treatmen t will ultimate ly be re-
quire d to co rre ct the sev e r e quality de grada ti on in the lowe r Tualatin 
River even with flow r egulation. The Tualatin Basin Water an d Sewerage 
Mas ter Pl an , r ecently developed b y the consulting firm of Stevens, 
Thompson a nd Runyan, must be implemented by local a uthorities in an 
orderly manne r as s oon as possible . An y de lay in beginning a n orde rly 
approach to solving the proble ms in the subbas in will result in progres-
sively poorer water quality. Flow re g ulation for qualit y cont rol must 
be an essen tial p a rt of this plan if adequate dissolve d oxygen l eve ls 
are to be maintai ne d in th e lowe r r eaches of the Tualatin . 

Po rtland Harbor r e quires a ugment e d s ummer flows to main tain 5 mg/ 1 
dissolved oxygen c on centration s which are needed for fish passage. Under 
the DEQ's current policy of requiring basinwide secondary treatment for 
all wastes, a base flow of 6,000 cfs at Sal em will maintain this ob jec-
tive under b o th present a nd projected 1985 waste - loading conditions . 
Af t e r 1985, additional trea tme nt ma y b e require d i f a higher base f low 
is not established . A total of 584 ,000 acre-feet of storage is needed 
to provide a bas e flow of 6 ,000 cfs at Salem and maintain an objective 
of 5 mg/1 in the h a rbor. Such s torage could be obtained from existing 
and planned Willame tte Basin r ese rvoir s . 
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Photo IV- 7. Dredging of sediment in Portland Harbor serves the 
twofold purpose of maintaining navigation channe ls 
and providing land fill . (Oregon State Office of 
Economic Deve l opment, Portland, Oregon, Photo) 

Ef f e ctive land ma nagement prac ti c e s are pa rticula r l y i mportant in 
the Tua l a tin Subb as in, a nd meas ures t o control e ro sion should be a gg r es -
s ive l y promot e d throu ghout the Lower Subare a t o r e duce turbidit y . The 
importa nce o f agriculture in the Tuala tin makes r e ductio n o f wi nd a n d 
wa t e r e r o sion a ne c ess ity , e spe c i a ll y sinc e irri gation r e turn flows make 
up much o f the existing stre am f lows . In the headwaters of a ll subare a 
tribut a ries , logg ing pra c t ices , pa rticula rly r oa d c o n s tructi o n, must be 
s trictl y r egula t e d t o c ontrol e r os ion. 

Be c a u s e the h ydra uli c cha r a ct e ristics of the Willame tt e Rive r be l ow 
Wi llame tte Fa lls r e duc e the a b i lity of the s tream to ass imila t e wast e s, 
expa n s i o n of indus tri es with hi gh volume s o f orga n ic was t es s hould be 
limit e d to r eac hes a b ove Sa l em . 

Urb a n runo ff i s mo r e si gn i fica nt in the Lowe r Suba r e a tha n in o the r 
pa rt s of the ba s in. Sewe r s in the Portla nd Service Ar ea tran smit com-
bi ne d sa nit a r y a nd s t o rm- wa t e r was t e,which on oc c as i o n r es ult s in 
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CONCLUSIONS 

As this interagency comprehens ive planning effort nears comple t ion , 
wa ter quality in the Willamette Basin is generally better than it has 
b een for severa l de cades . Even during the c ourse of preparation of this 
appendix , substantial improvemen t in wa t er quality has occurred in a 
number of streams . This improvement has resulted basically from insti-
tution of hi ghe r l evels of waste trea tme nt by both municipalities and 
industries . The greates t benefit to improved wa t e r quality in the 
Wi ll amette Basin that cou ld come from the comprehensive study is th e 
ass urance of an a deq uate quanti t y of flow a t all times down the 
Willamette main stem through Po rtl a nd Harbor . The flows presente d in 
Part IV are required to provide this assimilative capaci t y . 

Presently, the Willamette River is considerably und e r-utilized for 
fishery, recreation, and aesthet i c purposes. Lack of proper wate r qual -
ity contributes t o th is si tuation . As the demand grows in the future, 
the main s tem Willamette and lower tribut a r y r eaches will have to pro-
vide an inc r easing portion of the r eso ur ce s upply for these fun c tions , 
an d a signifi can t improvement in wa t e r quali t y wi ll b e r e quire d . Indus-
tries and municipalities are continuing to improve their wast e treatmen t 
fac ilities , but upgrading alone will not insure a deq uate quality . 

The exist ing Willamette Project of the Corp s of Engineers, with its 
many reservoirs, was a uthori zed to provi de flood control, power, n aviga-
tion flows , and irrigation storage . In the a utho rizing report, wa t er 
q ua lit y and its associa t ed flow requirements were r ecognized , and it was 
s t a t ed that the navigation flows of 6,000 c fs at Salem wo uld also meet 
the water quality nee ds . Since that time , wate r q uality management of 
the b asin has been b ased upon the ass urance of these flows to meet n avi-
gati on requiremen ts. In r ecent yea r s , however, power r egul a t ion r equire -
ments during the s ummer have resulted in s ubstantially lower flows, 
adve r sely affecting wate r quality a nd threatening portions o f the anad-
romous fis h e r y . Only through specia l mee tings and on an interim basi s 
when the problem b ecomes severe have the flows been in c r ease d to navi-
gati on levels which simultaneous l y meet wate r quality requirements. 

This plan offe r s a logical opportunity to recognize wa t er quality 
as a Willame tte Project function and to make the wa t e r quality f low re-
quirements an element of the sy£tem operation . Thi s wo uld not neces-
sari l y mean an unchanging s ummer flew release for fu ture yea r s . The 
desirable goal is to make water quality management one of the ob j ec-
tives of the operation team, with flows fo r water quality called for 
as needed in conformance with stages of economic g rowt h and waste treat-
ment technology. An estimate of the l eve ls of these flows is given in 
the table in Part IV . Achieving th is type of f l exible, team approach, 
including the water quality funct i on , offers considerable economic as 
well as non-quantifiable benefits. It means t hat a more efficient mix 
of treatment and o ther waste managemen t meas ures can be utilized. It 
means heavier fis hery and r ecreat ional use of the rive r. Making the 
river more aesthet i cally appealing will draw more people and will in-
crease the value of the river to the state . 
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Another significant consideration that could affect water quality 
is land use and land use planning . The projected needs in this appendix 
were based upon the continued trend of haphazard expansion in the basin. 
Intelligent guidance of economic growth could be of great benefit to 
water quality. Location and expansion of large waste-producing indus-
tries in areas where their waste products can be accommodated by the 
environment are an obvious need. Growing discharge of wastes to the 
river in places where the river cannot assimilate or handle the wastes 
should not be allowed now that planning tools are available to predict 
this adverse condition. Uncontrolled urban sprawl with its associated 
development of inadequate septic tanks and multitudinous small treat-
ment plants, normally inefficient because of inadequate operation, 
causes numerous problems for the Department of Environmental Quality . 
Here again, planning and guidance can provide an answer. Land use 
planning should assume a stronger role in basin-wide economic growth, 
and water quality management must be an integral part of that planning . 

The water quality impact of the comprehensive study is presented 
in Appendix M--Plan Formulation. 
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ADDENDUM 

STATE SANITARY AUTHORITY CH. 334 

Division 1 

WATER POLLUTION 

Subdivision 1 

ST AN D ARDS OF QUALITY FOR PUBLIC 
WATERS OF OREGON AND DISPOSAL 
THEREIN OF SEWAGE AND IN DUST RIAL 

WASTES 

[ED. NOTE: Unless otherwise speci-
fied sections 11-005 throu gh 11-070 of this 
chapter of the Oregon Adminis trat ive 
Rules Compilation were adopted by the 
Sanitary Authority June 1, 19 67, and filed 
with the Secretary of State June 1, 1967 
as A dm inis trative Order SA 26. Repeals 
Administrative Order SA 8.] 

Statutory Authority : ORS 449.0 8 0; 449. 
0 86 

11-005 DEFINITIONS. As used in this 
subdivision unless otherwise required by 
context: 

( 1) "Sewage " means t he wate r- ca rried 
human or animal waste from residences, 
buildings, industrial e stablishments or 
other places to gether with such ground 
w a ter infiltration and surface water as 
ma y be present. The admixture with 
sewage a s above defined of industria l 
wastes o r wastes, as defined in sub-
sections ( 2 ) and ( 3) of this section, shall 
also be conside red "sewage" within the 
m ean in g of t his division. 

( 2 ) "Industrial waste" means any liq-
uid, gaseou s , rad ioactive or solid was te 
substance or a combination thereof re-
sulting from any process of industry, 
m anufacturing, trade or business, or from 
the development or recovery of any nat-
u ral res o urces. 

( 3) "Wastes" means sewage, indus-
tr ia l wastes, and all other liquid, gaseous, 
solid , radioactive, or other substances 
which will or may cause pollution or tend 
to cause pollution of any waters of the 
state. 

( 4) "Pollution" means such contam-
ination or other altera tion of the physical, 
chemica l o r biolo g ical properties of any 
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waters of the state, includin g change in 
temperature, t aste, colo r, turbidity , silt 
or odor of the waters, or suc h disc ha r ge 
of any liquid , ga seous, solid, radioactive 
or other substance into any wate rs of 
the state which eit her by i tself or in 
connection wi t h any other substance pre-
sent, will or can reasonably be expected 
to create a public nuisance or render 
suc h waters harmful, detrimental or in -
jurious to public health, safety or welfare, 
or to domestic, comme r c ial , industria l, 
agric ultural, recreational or othe r l egiti-
mate beneficia l uses or to livesto c k, 
wildlife , fish or other aquatic life or t he 
habi t at t hereof. 

( 5) "Waters of t he state" include l akes , 
ba y s, ponds, impoundin g reservoirs, 
springs, wells , rivers, streams, creeks , 
estuaries, marshes, inlets, canal s, the 
Pacific Ocean within the territorial limits 
of the State of O r egon and a ll other bodies 
of surface or underground waters, natural 
or artificial , inland or coastal, fresh or 
salt, public or private (except those pri-
vate waters which do not combine or 
effect a j unction with natural surface or 
underground wat ers) , which are wholly 
or partially within or bordering the state 
or within its jurisdiction. 

( 6 ) "Marine waters" means a ll oce-
anic, offshore waters outside of estuaries 
or bays and within the t erritoria l limits 
of the state of Oregon. 

( 7) "Estuarine waters" means all mix-
ed fresh and oceanic waters in estuaries 
or bays from the point of oceanic water 
intrusion inland to a line connecting the 
outermost points of the headlands or 
protective jetties . 

( 8 ) "Standard" or "standards" means 
such measure of quality or purity for any 
waters in r elation to their re asonabl e and 
necessary use as may be established by 
the Sanitary Authority pursuant to ORS 
Chapter 449 . 

( 9) "Fish and other aquatic life" means 
all beneficial fi shes, crustacea, mollusks, 
plankton , higher aquatic plants, and water-
fowl. 

11-010 HIGHEST AN D BEST PRACTI-
CABLE TREATMENT AN D CONTROL 
REQUIRED. Not withstanding th e gene r a l 
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and special water quality standards con -
tained in this subdivision , the highest and 
b es t prac tic able treatment and / or control 
of wastes , activi t ies and flows shall in 
every case be provided so as to maintain 
dissolved oxygen and overall water quality 
at the highest possible levels and water 
temperatures, coliform bacteria concen -
tr a tions , dissolved chemical substances , 
toxi c materials, radioactivity, turbidities, 
color, odor and other deleterious factors 
at t he lowes t possible levels . 

11-015 RESTRICTIO N S ON THE DIS -
CHARGE OF SEWAGE AN D IN DUST RIAL 
WASTES AN D HUM AN A CTIVITIES 
WHICH AFFECT WATER QUALITY IN 
THE WATERS OF THE STATE. No wastes 
s ha ll be discharged and no activities shall 
be conducted suc h t ha t s a id wast e s or 
activities ei t he r alone or in combination 
with other wastes or activities will violate 
or can r ea sonably be expe ct e d to violate , 
any of the gene ral or speci a l water quality 
standards contained in t his subdivision. 

11-020 MAIN TENANC E OF STANDARDS 
OF QUALITY . ( 1) The degree of waste 
tt·eatment required to restore and main -
ta in the above standa r ds of quality shall 
b e determined in each instance by the 
State Sanitary A ut ho rity and shall be based 
upon the following: 

(a) The us e s whic h are or may likely 
be made of t he receiving stream. 

( b) The size a nd nature of flow of the 
receiving stream . 

( c ) T he quantity 
sewage or wastes 

( d) The presence 

and qua lity of the 
to b e treated, and 
or absence of other 

sourc e s of pollution on th e same water -
shed . 

( 2) All sewage shall rece i ve a mini -
mum of s econda ry treatment o r equivalent 
(equal to at least 8 5% removal of 5-day 
biochemic a l oxygen demand and suspended 
solids) and shall be effectively disinfected 
before bein g discharged in to any public 
waters of th e state. 

11-025 GEN ERAL WAT ER QUALITY 
STANDARDS. The following General Water 
Quality Standards shall apply to a ll waters 
of the state except whe re they are clearly 
supe rseded by Special Water Quality Stan-
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dards applicable to specifically des igna ted 
water s of t he state. No wastes s ha ll be 
discharged and no activities shall be con-
ducted which either a l one or in combination 
with other was t es or activi ties will cause 
in any waters of the state: 

( 1) The dissolved oxygen content of 
su r face waters to be less t han six ( 6) 
milligrams per liter unless specified 
otherwise by special standard. 

( 2 ) The hydrogen - ion concentrat ion 
(pH) of the waters to be outside the r ange 
of 6.5 to 8.5 unle s s specified otherwise 
by special standard . 

( 3) The libera tion of dissolved gases, 
such as carbon - dioxide , hydrogen sulfide 
or any other gases , in sufficient quantities 
to cause objectionable odors or to be 
de leter ious to fish or other aquatic life, 
na vi ga tion, r ecreation, or other reason-
able uses made of such waters. 

( 4) The development of fungi or other 
growths having a deleterious effect on 
stream bottoms, fish or other aquatic li fe , 
or which are injurious to health, recre a tion 
or industry . 

( 5) The creation of tastes or odors 
or toxic or other conditions that a re 
deleterious to fish or other aquatic life 
or affect the potability of drinkin g water 
or the palatability of fish or s he llfish. 

( 6) The form a tion of appreciable bottom 
or sludge deposits or the formation of any 
organic or inorganic d epo sits deleterious 
to fish or other aqua ti c life or in j urious 
to public health, recreation or industry. 

( 7) Objectionable d i scolor a tion, tur-
bidity, scum, oily sleek or floatin g solids, 
or coat the a quatic life with oil films . 

( 8 ) Bacterial pollution or other con -
di t ions deleterious t o waters used for 
domestic purposes, livestock waterin g , 
i rrigation , bathing, or shellfish propaga -
tion, or be otherwise injurious to publi c 
health. 

( 9) Any me a surable increase in tem-
perature when the receivin g water tem-
peratures are 64° F . or above, o r more 
than 2° F . increase when receivin g water 
temperatures a r e 62°F . or less. 

(10) Aesthetic conditions offensive to t he 
human senses of sigh t, taste, smell or 
touch. 

(11) Radioisotope concentrations to ex-
ceed Maximum Permi ssible Concentra-
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t idn s (MPC's) i n drinkin g wat e r, edible 
f ishe s o r s he ll fi s he s, wildlife, irrigated 
c rops, livestock a r. d d ai r y produc ts or 
pose a n extern a l radi a t io n hazard. 

11-030 BEN EFICI A L USES OF WATERS 
TO BE PROTEC TED BY SPECIAL WAT ER 
QU A LIT Y ST AN DARDS. T h e Special Wate r 
Qu a l i t y St a n da rds con t a in e d in this sub-
division ar e a dopted for t h e pu r pose of 
p rote c ting , to ge ther wit h pertinent g enera l 
w a t e r qua lity stand a rds, th e beneficial 
us e s of spe cif ie d w a ters of the state as 
set fort h in T a ble A and to conserve the 
waste a ss imila tive ca pa c i t y of t he waters 
so a s to acc ommod a t e maximum develop-
m e nt a n d utilization of the r e sou rc es of the 
st a te. 

11-035 SPECIA L WA T ER QUALITY 
ST AN D ARDS FO R P UBLIC W ATERS O F 
GOOSE LAKE IN LAKE COU N TY . The 
p rovis ion s of this section shall be in 
a dditi on t o and n ot in lieu o f t he General 
W a ter Qua lity Stand a rds cont a ined in Sec-
tion 11-025, e xc e pt wher e this section 
im po s es a c onfl i ct i n g r e quir e m e nt with 
t he pro v i sions o f S e ction 11 - 025, this 
s e ctio n shall go vern. N o w a stes shall be 
d i s cha r ged and no ac tiv i ti e s shall be 
con duc t ed w h ich e ithe r a lone or in com-
bi na t ion with ot her waste s or activities 
will cause in t he wa t e rs o f Goose L a ke: 

( 1) D i ssolve d Oxyg e n . (DO ). DO c on -
cen tr a ti on s to b e less th an 7 milli g rams 
p e r l i t er . 

( 2 ) Organ i sms o f t h e C o liform Group 
W he r e A ssoci a t e d with Fec a l Sources. 
(MPN o r e qu i v a lent MF u sin g a repre-
s e ntativ e number of samples ). Average 
concentra tions of coliform bacteria to 
exceed 1000 pe r 100 ml, with 20% of 
s a mple s not to exce ed 2400 per 100 m l. 

( 3) H y drogen Ion Conc e ntration. (pH) . 
pH v a lue s to be outsi·de the r a nge of 
7. 5 t o 9 . 5 . 

( 4) T e mperature. Dai l y a verage tem-
pe ratu re s to exc e ed 70° F. or the daily 
me a n a mbient a ir tempe rature , which-
ev e r is g reater. 

11-040 SPECIAL WATER QUALITY 
ST AN D A RDS FOR PUBLIC WATERS OF 
THE M A IN ST EM KLAMATH RIVER . The 
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provisions of t his section shall be in
addition to and not in lieu of the General 
Water Quality S t andards conta ined in Sec-
tion 11 - 025, except whe r e this section im-
poses a conflicting requirement with t h e 
provisions of Section 11-025, this section 
shall govern . No was t es shall be dis-
charged and no activities shall b e con-
ducted w h ich either a l one or in com-
bination with o t her was t es or ac t ivities 
will cause in the waters of the Klamath 
River : 

( l ) Dissolved Oxygen.( DO) . 
(a ) (Main s t ern K l amath Rive r from 

Klamath Lake to Keno Regulating Darn 
located approximately 16 river miles above 
the Oregon-Cal ifornia border). DO con-
centrations of surface waters to be less 
than 5 milligrams per li t er unless caused 
by natural conditions. 

( b ) (Main stern Klamath River from 
Keno Re gulating Darn to Oregon-Califor -
nia border). DO concentrations to be 
less than 7 milligrams per liter . 

( 2) Organisms of the Co l iform Group 
Where Associated w ith Fecal Sources
(MPN or equivalent MF using a repre-
sentative number of samples). Average 
concentrat ions of coliform bacteria to 
exceed 1000 per 100 ml, with 20% of 
samples not to exc eed 2400 per 100 ml. 

(3 ) Turbidity. (Jackson Turbidity 
Units, JTU). Turbidities to exceed 5 JTU 
above natura l background values except 
for certain short-term ac t ivities which 
may be specifically authorized by the 
Sanitary Autho r ity under such conditions 
a s it may prescribe and which are nec-
essary to a ccommodate essential dredging 
or construct ion where turbidities in ex-
cess of this standard are unavoidable. 

( 4) Tempe rature. Any me a surable in -
crease when river temperatures are 72 ° 
F. or above, o r more t han 2° F. cumu -
lative Jncrease when river temperatures 
are 70° F. or less. 

( 5 ) Dissolved Chemical Subs t ances . 
(Main stem Klamath River at the Oregon -
California border ). Condgctivity t o ex-
ceed 4 0 0 mic romhos a t 77° F . 

( 6 ) Hydro g en Ion Concentrat ion, (pH)
pH val ues to be outside the range of 
7.0 to 9. 0. 

11-045 SPECIAL WATER QUALITY 
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STANDARDS FOR THE PUBLIC WATERS 
OF MULTNOMAH CHANNEL AND THE 
MAIN STEM WILLAMETTE RIVER. The 
provisions of t his section shall be in 
addi t ion to and not in lieu of the General 
Water Quality Standards contained in Sec-
tion 11-025, except where this section im -
poses a conflicting r equire ment with the 
provisions of Section 11-025, this section 
shall go vern. No wastes shall be dis-
charged and no activities shall be con-
ducted which either alone or in com -
bination with other wastes or acti vi ties 
will cause in th e waters of Multnomah 
Channel or t he W illamett e River: 

( 1) Dissolved Oxygen. (DO). 
( a ) (Multnomah Channel and main stem 

Willamette River from mouth to the Wil-
lamette Falls at Oregon City, river mile 
26 . 6 ). DO concentrations to be less than 
5 milligrams pe r liter. 

( b) (M ain stem Willamette River from 
the Willamette Falls to Newberg , river 
mile 50). DO concentrations to be less 
t han 6 milligrams per liter . 

( c) (Main stem Willa mette River from 
Newberg to Salem, river mile 8 5) . DO 
concentrations to be less than 7 milli -
grams per liter. 

( d) (M ain stem Willamette River from 
Salem t o confluence of Coast and Middle 
Forks, river mile 18 7) . DO concentrations 
to be less than 90% of saturation . 

( 2) Organism s of the Coliform Group 
Where Associa t ed with Fecal Sources. 
(MPN or equiva l ent MF using a repre-
sentative number of samples) . Average 
concentrations of coliform bacteria to 
exceed 1000 per 100 ml, with 20% of 
s ampl es not to exceed 2400 per 100 ml. 

( 3) Turbidity. (Jackson Turbidity 
Units, JTU). Turbidities to exceed 5 JTU 
above natural background values except for 
certain short-term activities which may 
be specifically authorized by the Sanitary 
Authority under such conditions as it may 
prescribe and which a re necessary to 
accommoda te essential dredgin g or con-
struction where turbidities in excess of 
this standard a re unavoidable . 

( 4 ) Temperature. 
( a ) (Multnomah Channel and main stem 

Willamette River from mouth to Newberg, 
river mile 50.) Any m ea surable increase 
wh en river t emperatures are 70° F .. or 
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above, or more than 2° F. increase when 
river temperatures are 68° F. or less. 

( b) (Main stem Willamette River from 
Newberg to confluence of Coast and Middle 
Forks, river mile 18 7) . Any measurable 
increase when river temperatures are 64 ° 
F . or above , or more than 2° F. increase 
when the river temperatures are 62° F. 
or less. 

( 5) Dissolved Chemic a 1 Substances. 
Guide concentrations listed below to be 
exceeded except as may be specifically 
authorized by the Sanitary Authority upon 
such conditions as it may deem necessary 
to carry out the general intent of Section 
11 - 010 of t his subdivision and to protect 
the beneficial uses set forth in Table A . 

Arsenic (As) 
Barium (Ba ) 
Boron (Bo) 
Cadmium (Cd) 
Chloride (Cl) 
Chromium (Cr) 
Copper (Cu) 
Cyanide (CN ) 
F l uoride (F) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Phenols (totals) 
Total dissolved solids 
Zinc (Zn) 
Heavy metals (Totals 

including Cu, Pb , Zn, 
and others of non-
specific designation) 

mg/ 1 
0.01 
1.0 
0.5 
0 . 01 

25 . 
0 . 05 
0.005 
0 . 01 
1. 0 
0.1 
0. 05 
0 . 05 
0.001 

100. 
0.1 
0.5 

11-050 SPECIAL WATER QUALITY 
STANDARDS FOR THE PUBLIC WATERS 
OF THE MAIN STEM OF THE COLUM-
BIA RIVER FROM THE EASTERN ORE -
GON - WASHINGTON BORDER WEST-
WARD TO THE PACIFIC OCEAN. The 
provisions of this section shall be in 
addition to and not in lieu of the General 
Water Quality Standards contained in Sec-
tion 11 - 025, except where this section 
imposes a conflicting requirement with 
the provisions of Section 11 - 025, this sec-
tion shall govern. No wastes shall be 

7-1-67 



STATE SANITARY AUTHORITY CH. 334 

discharged and no a c t ivitie s shall be 
conducted which eithe r alone or in com-
bination with other wastes or activ i ties 
will cause in the waters of the Columbia 
River: 

( 1) Dissolved Oxygen. (DO). DO c on-
centrations to b e less than 90% of satura-
tion. 

( 2 ) Organisms of the Coliform Group 
where Ass ociated with Fecal Sources. 
(MPN or e quivalen t MF using a repre-
sentative number of samples ). 

(a) (From the eastern Oregon-Wash-
ington boundary downstream to the Inter-
state Highway 5 bridge between Vancouver, 
Washington, and Portland, Oregon). Av-
erage concentrations of coliform b a cteria 
to exceed 240 per 100 milliliters or to 
exceed this value in mor e than 20 percent 
of the samples. 

( b) (From the Interstate Hi ghway 5 
brid ge between Vancouver, Washing ton, 
and Portland , Oregon, to t he mouth). 
Average concentrations of coliform bac-
teria to exc e e d 1000 per 100 m illiliters, with 
20 percent of t he samples not to exceed 
2400 per 100 milliliters. 

( 3) Turbidity . (J ackson Turbidity 
Units, JTU ). Turbiditie s to exceed 5 JTU 
above natura l background value s exc ept 
for certain short-term activities which 
may b e specifically aut horized by the 
Sanitary Author ity under such conditions 
as it may prescribe and which are nec-
essary to accommoda t e essential dredging 
or construction where turbidities in ex-
cess of this standard are unavoidable . 

( 4 ) Hydrogen-Ion Concentration. pH 
values to fall outside the range of 7. 0 to 
8. 5. 

( 5) Temperature. Any measurable in-
crease when river tem perature s are 68° 
F. or above, or more t han 2° F. increase 
when river temperatures are 66° F. or 
less. 

( 6 ) Dissolved Chemical Substanc es. 
(Above the zone of marine wate r intrusion, 
approximate river mile 40 ). Guide con -
centrat ions listed below to be exceede d 
except as may be specifically authorized 
by the Sanitary Authority upon such con-
ditions as it may deem necessary to carry 
out t he general intent of Section 11- 010 
of this subdivis ion and to protect the 
beneficial uses set forth in Table A. 

7-1-67 
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Arsenic (As) 
Barium (Ba) 
Boron (Bo) 
Cadmium (Cd) 
Chloride (Cl) 
Chromium (Cr) 
Copper (Cu) 
Cyanide (CN) 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Phenols (totals) 
Total d issolved solids 
Z inc ( Zn ) 
Heavy metals (Totals 

including Cu, Pb, Zn, 
and others of non-
specific designation) 

mg/l
0.01 
1.0 
0.5 
0 . 01 

30. 
0. 05 
0.005 
0. 01 
1.0 
0.1 
0.05 
0.05 
0. 001 

200. 
0.1 
0.5 

11-055 SPECIAL WATER QUALITY 
STANDARDS FOR THE PUBLIC WATERS 
OF THE MAIN STEM OF THE GRANDE 
RONDE RIVER. The provis ions of this 
section shall be in addition to and not 
in lieu of t he General Water Quality Stan-
dards contained in Section 11-025, except 
where this section imposes a conflicting 
requi rement with the provision s of Se c -
t ion 11- 02 5, thi s secti on shall govern. N o 
wastes shall be discharged and no activ-
ities shall be conducted which either alone 
or in combination with other wastes or 
activities will cause in the waters of 
the Grande Ronde River: 

( 1) D i ssolved Oxygen ,(DO). DO concen -
trat ions to be less than 75% of saturation 
at seasonal low or less than 95% of 
saturation in spawning areas during 
spawning, hatching, and fry stages of 
salmonid fishes. 

( 2) O rganisms of the Coliform Group 
where Associated with Fecal Sources. 
(MPN or e quivalen t MF us ing a repre-
sentative number of samples). Average 
concentrations of coliform bacteria to 
exceed 1000 per 100 milliliters, with 
20% of these samples not to exce ed 2400 
per 100 milli lite rs. 

( 3) Turbidity. (Jackson Turbidity 
Units, JT U ). Turbidities to exceed 5 JTU 
above natural background values except 
for certain short-term activities whi c h 
may be specifically authorized by the 
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Sanitary Authority under such conditions 
as it may prescribe and which are nec-
essary to accommodate essential dredging 
or cons t ruction where turbidities in excess 
of this standard are unavoidable. 

( 4) Temperature . Any measurable in-
crease when river temperatures are 68° 
F. or above, or more than 2° F. increase 
when river temperatures are 66° F. or 
less. 

( 5) Dissolved Chemical Substances . 
Guide concentrations listed below to be 
exceeded except as may be specifically 
authorized by the Sanitary Authority upon 
such conditions as it may deem necessary 
to carry out the general intent of Section 
11-010 of this subdivision and to protect 
the beneficial uses set forth in Table A. 

A rsenic (As) 
Barium (Ba) 
Boron (Bo) 
Cadmium (Cd) 
Chloride (Cl) 
Chromium (Cr) 
Copper (Cu) 
Cyanide (C N ) 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Phenols (totals) 
Total dissolved solids 
Zinc (Zn) 
Heavy metals (Totals 

including Cu, Pb, Z n, 
and others of non-
specific designation) 

mg/l
0 . 01 
1.0 
0 . 5 
0.01 

25. 
0.05 
0.005 
0.01 
1.0 
0.1 
0.05 
0.05 
0 . 001 

200. 
0 .1 
0.5 

11-060 WATER QUALITY STANDARDS 
FOR THE PUBLIC WATERS OF THE 
MAIN STEM OF THE WALLA WALLA 
RIV ER. The provisions of this section shall 
be in addition to and not in lieu of the 
Gen e ral Water Quality Standards contained 
in Section 11 - 025, exce pt where this sec -
tion imposes a conflicting requirement 
with the provisions of Section 11 - 025 , 
this section shall govern. No wastes shall 
be discharged and no activities shall be 
conducted which either alone or in com -
bination with other wastes or activities 
will cause in the waters of the Walla 
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W a lla River: 
( 1 ) Dissolved Oxygen.(DO). DO concen-

trations to be less than 75% of saturation 
a t seasonal low or lessthan95%ofsatura-
tion in spawning areas during spawning , 
hatching, and fry stages of salmonid 
fishes. 

( 2) Organisms of the Coliform Group 
where Associated with Fecal Sources. 
(MP N or equivalent MF using a repre-
sentative number of samples). Average 
concentrations of coliform bacteria to 
exceed 1000 per 10 0 milliliters, with 20% 
of these samples not to exceed 2400 per 
100 milliliters. 

( 3) Turbidity . (Jackson Turbidity 
Units, JTU). Turbidities to exceed 5 JTU 
above natural background values except 
for certain short-term activities which 
may be specifically authorized by t he 
Sanitary Authority under such conditions 
as it may prescribe and which are nec-
essary to accommodate essential dredging 
or construction where turbidit ies in ex-
cess of this standard are unavoidable. 

( 4) Temperature. Any measurable in-
crease when river temperatures are 68° 
F . or above, or more than 2° F. increase 
when river temperatures are 66° F. or 
less . 

( 5) Dissolved Che mical Substances. 
Guide concentrations listed below to be 
exceeded except as may be speci.fic ally 
authorized by the Sanitary Authority upon 
such conditions as it may deem necessary 
to carry out the general intent of Section 
11- 010 of this sub di vision and to protect 
the beneficial uses set forth in Table A. 

Arsenic (As) 
B a r ium (Ba) 
Boron (Bo) 
Cadmium (Cd) 
Chloride (Cl) 
Chromium (Cr) 
Copper (Cu) · 
Cyanide (CN) 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Phenols (totals) 
Total dissolved solids 
Zinc (Zn) 
Heavy metals (Totals 

mg/l
0,01 
1.0 
0.5 
0.01 

25 . 
0 . 05 
0.005 
0.01 
1.0 
0.1 
0.05 
0.05 
0.001 

200. 
0.1 
0 . 5 
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including Cu, Pb, Zn, 
and others of non-
specific designation) 

11-065 WATER QUALITY STANDARDS 
FOR THE MAIN STEM OF THE SNAKE 
RIVER IN AND ADJACENT TO OREGON. 
The provisions of this section shall be 
in addition to and not in lieu of the 
General Water Quality Standards contained 
in Section 11-025, except where this sec-
tion imposes a conflicting requirement 
with the provisions of Section 11-025, 
this section shall govern. No wastes 
shall be discharged and no activities shall 
be conducted which either alone or in 
combination with other wastes or activi-
ties will cause in the waters of the Snake 
River: 

( 1) Dissolved Oxygen. (DO). DO concen-
trations of surface waters to be less than 
75%of saturation at seasonal low or less 
than 95% of saturation in spawning areas 
during spawning, hatching, and fry stages 
of salmonid fishes. 

( 2) Organisms of the Coliform Group 
where Associated with Fecal Sources. 
(MPN or equivalent MF using a repre-
sentative number of samples). Average 
concentrations of 'coliform bacteria to 
exceed 1000 per 100 ml, with 20% of 
samples not to exceed 2400 per 100 ml. 

( 3) Turbidity. (Jackson Turbidity 
Units, JTU). Turbidities to exceed 5 JTU 
above natural background values except 
for certain short-term activities which 
may be specifically authorized by the 
Sanitary Authority under such conditions 
as it may prescribe and which are nec-
essary to accommodate essential dredging 
or construction where turbidities in excess 
of this standard are unavoidable. 

( 4) Temperature. Any measurable in-
crease when river temperatures are 70° 
F. or above, or more than 2° F. increase 
when river temperatures are 68° F. or 
less. 

( 5) Dissolved Chemical Substances. 
Guide concentrations listed below to be 
exceeded except as may be specifically 
authorized by the Sanitary Authority upon 
such conditions as it may deem necessary 
to carry out the general intent of Section 
11-010 of this subdivision and to protect 
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the beneficial uses set forth in Table A. 

Arsenic (As) 
Barium (Ba) 
Boron (Bo) 
Cadmium (Cd) 
Chloride (Cl) 
Chromium (Cr) 
Copper (Cu) 
Cyanide (CN) 
Fluoride (F) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Phenols (totals) 
Total dissolved solids 
Zinc (Zn) 
Heavy metals (Totals 

including Cu, Pb, Zn, 
and others of non-
specific designation) 

mg/l
0.01 
1.0 
0.5 
0.01 

50. 
0.05 
0.005 
0.01 
1.0 
0.1 
0.05 
0.05 
0.001 

750. 
0.1 
0.5 

( 6) Hydrogen-Ion Concentration. (pH). 
pH values to fall outside the range of 7.0 
to 9.0. 

11-070 WATER QUALITY STANDARDS 
FOR THE MARINE AND ESTUARINE 
WATERS OF OREGON (excluding es-
tuarine waters of the Columbia River). 
The provisions of this section shall be in 
addition to and not in lieu of the General 
Water Quality Standards contained inSec-
tion 11-025, except where this section im-
poses a conflicting requirement with the 
provisions of Section 11-02 5, this section 
shall govern. No wastes shall be dis-
charged and no activities shall be con-
ducted which either alone or in combination 
with other wastes or activities will cause 
in marine or estuarine waters: 

( 1) Dissolved Oxygen, (DO). (Outside 
of zones of upwelled marine waters nat-
urally deficient in DO). DO concentrations 
to be less than 6 milligrams per liter 
for estuarine waters, or less than satura-
tion concentrations for marine waters. 

( 2) Organisms of the Coliform Group. 
(MPN or equivalent MF using a repre-
sentative number of samples). 

(a) (For marine and shellfish growing 
waters). The median concentration of 
coliform bacteria of sewage origin to 
exceed 70 per 100 milliliters. 
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( b) (F o r es tua rine waters other t han 
in shellfish g rowing a reas). Ave r age con -
e ent rations of coliform bacteria, w he re 
a ssoc i a t ed with fecal s ources , to exceed 
240 per 100 ml o r to exceed th is va l ue 
in more t han 20% of samples. 

( 3 ) Hydrogen Ion Concentration ( pH) . 
pH values to be outside the r ange of 7. 0 
and 8. 5 over sh e llfi s h g rowing a reas. 

( 4) Turbidity . (Jackson Turbidity Units 
JTU .) Turbidi t ies to exceed 5 JTU abo ve 
natural b ackg round values except forcer -
tain s hort-term ac t ivi ties which may be 
specifically authorized b y th e Sanitary 
Aut hori t y under such conditions a s it 
may prescribe and w hich are necessa ry to 
accommodate essential dredging or c on-
struction where turbidities in exces s of 
t hi s s t andard a r e unavoidable . 

( 5) Temperature. Any si gnifi cant in -
crease above natural backg round temper-
a tures , or wciter t e mperatures to be 

A-8 

a ltered to a degre e which creates or can 
reasonably be expec ted to create an ad-
verse effect on fish or other aquatic life. 

11-075 IMPLEMENTATION AND EN-
FO RCEMENT PLAN. The Implementat ion 
and Enforcement Plan for the Public 
Waters of the State of Oregon, a co py 
of which is attached hereto and by t h is 
reference made a part hereof, is hereby 
adopted and prescribed by the Oregon 
State Sanitary A uthority. 

Hist: Filed 6 -19 - 67 as SA 27 

[ED. NOT E: Pursuant to ORS 18 3 . 3 6 0 
( 3 ), t he Implementation and Enforce-
ment Plan for the Publi c Waters of the 
State of O re gon is not published in the 
Oregon Administrative Rules Compilation. 
Copies may be obtained from t he Secre-
t a r y of State as provided by ORS 18 3 . 050]. 
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TABLE A 

BENEFICIAL USES TO BE PROTECTED 

GOOSE LAKE (1) (1)
X X X X X x x x 

GRANDE RONDE RIVER X X X X X X X X X X X X X 

WALLA WALLA RIVER X X X X X X X X X X X X X 

SNAKE RIVER X X X X X(2) X X X X X X X X 

COLUMBIA RIVER X X X X X X X X X X X X X X 

KLAMATH RIVER 
(Klamath Lake to Keno 
Regulating Dam) X(3) X X X X X X X X X 

(Keno Regulating Dam 
to California Border) X(3) X X X X X X X X X X X 

WILLAMETTE RIVER 
(Mouth to Willamette 
Falls incl. Mult. 
Channel) X(4) X X X X X X X X X(5) X X X 

(Willamette Falls to 
Newberg) X X X X X X X X X X X X X 

(Newberg to Salem) X X X X X X X X X X X X X X 
(Salem to Coast Fork) X X X X X X X X X X X X X 

MARINE AND ESTUARINE X X X X X X X X X X 
(1) With adequate pre-treatment 
(2) Up to Oxbow Dam (River mile 27 3) 
(3) By agreement of Klamath Compact Commission 
(4) If no better is reasonably attainable source 
(5) Not to conflict with commercial activities in Portland Harbor 
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